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ABSTRACTO 
Ya es sabido que incorporar cenizas volcánicas a los morteros de cal les confiere propiedades hidráulicas. 
De hecho, morteros y hormigones hidráulicos aditivados con cenizas se conocen desde la época de los 
romanos (cenizas del Vesubio). 
Pero en la mayoría de estudios actuales que proponen dosificaciones de estos componentes, no se 
menciona el origen de las cenizas volcánicas, ni el coste de la materia prima.  
En determinadas zonas volcánicas (tanto en la zona mediterránea –Cerdeña, NE peninsular-, Canarias, 
como en el W de Centro y sur de América –Guatemala, El Salvador, Colombia, Ecuador, Perú, Chile) hay 
acumulaciones naturales de material volcánico “lapilli” (fragmentos piroclásticos, expulsados por un 
volcán durante una erupción y con un diámetro variable de 2 a 64 mm). La composición química, velocidad 
de reacción puzolánica, así como el color, son diferentes. 
En este proyecto se pretende diseñar morteros de cal con áridos volcánicos de algunas de estas zonas. 
El criterio que suscita esta discriminación inicial es por una parte económico (no se buscan productos que 
requieran costos de machaqueo y molienda importantes) como técnico, ya que el volcanismo explosivo 
se produce por la expansión de los fluidos contenidos en el seno del magma en el tramo final del conducto 
eruptivo de un volcán, lo que conduce a la fragmentación del líquido en innumerables gotas de reducidas 
dimensiones, y también a un importantísimo aumento de la superficie libre reactiva del líquido (luego 
vidrio) mediante la generación de vesículas gaseosas en el seno de ese líquido. Hecho que también 
permite el rápido enfriamiento de éste al acceder violentamente a la atmósfera e impide su cristalización 
generalizada, resultando todo esto en la formación de piroclastos, fragmentos vítreos de magma muy 
vesiculados o celulares.  
Actualmente, este hecho se reproduce artificialmente durante la expansión térmica de vidrios naturales 
hidratados de tipo perlita. 
Se propone optimizar dosificaciones de morteros de cal aérea con diferentes tipos de áridos volcánicos, 
tanto física como mecánicamente, y determinar su envejecimiento artificial acelerado frente a agentes 
agresivos (sales solubles, hielo-deshielo). 
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INTRODUCTION 
Is well known that if you add volcanic ashes to limestone mortars it actually adds up hydraulic properties. 
In fact, mortars and hydraulic concrete with additives and ashes are known since roman century.  
Actual studies of the behavior of mortars that were utilized in the past in some ancient buildings doesn’t 
have a clue of were theses arid comes from, that is something that is not going to be happening in this 
work because all the arid we have is already known were it is from and all the aspects we need to know 
in order to work with it. 
Eternity is a word that is not appropriate to use it in a building, but being able to make them last thru 
eternity is out job, that is why in this project we are trying to make mortars which could be used in this 
type of jobs. Utilizing the aerial lime which is the raw material we know is most present in those type of 
projects.  
The eruption is produced by the expansion of the fluids contained in magma, in the final conduit of the 
volcano. For the development of the thesis, we have selected two main situations which are Tenerife (TE) 
and GC (Gran Canarias), from the Mediterranean. This aggregates were taken from the different eruption 
in volcanos located near this areas. In certain volcanic zones (Mediterranean Zone, Cerdeña, NE 
peninsular. Canarias, middle and south America, Guatemala, El Salvador, Colombia, Ecuador, Peru, Chile) 
they are natural deposits of volcanic ashes “lapilli” (pyroclastic fragments, expulsed by a Vulcan during an 
eruption and with a variable diameter in between 2 – 64 mm). Chemical Composition, speed of pozzolanic 
reaction, the color, they are different. 
Economic factor is going to be very present in the characteristics of the mortars. All the mortars worked 
in the project are easily found in their natural ambient like we are going to be using them. There is no 
need of smashing them or make them pass thru a process which involves money. 
Another fact that we have to bring is the liquid fragmentation of innumerable drops of ashes in reduced 
dimensions, also a very important surface growth (after glass) generating gas in this liquid, this air bubbles 
produced in this paste which make the dry process easier to accomplish. This fact also enables rapid 
cooling. Making a violently access to the atmosphere and preventing it from their widespread 
crystallization, all this resulting in the formation of pyroclastic, very glassy vesicular fragments or cell 
magma. Currently, this fact artificially propagated during thermal expansion of perlite hydrated natural 
glass type. It is proposed to optimize dosages of air lime mortars with different types of volcanic 
aggregates, both physically and mechanically, and determine its artificial accelerated aging to aggressive 
agents (soluble salts, freeze-thaw). Special attention will be done on the study of pozzolanic behavior, 
both in terms of known compounds are formed, and in terms of determining the reaction rate. This 
process which involves the formation of the rock is the responsible for the higher porosity found in these 
type of stones.  
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MOTIVES  
A groups of investigators from GICITED from EPSEB-UPC (GICITED: interdisciplinary group of science and 
technology to edification), decided to make an investigation in the behavior of certain types of raw 
materials to see which one of them could be used as an alternative to all the different situations appearing 
in the rehabilitation of buildings appearing nowadays.  
“Traditional aerial lime mortars shows clear improvement (mechanical, curing speed, capacity of 
underwater setting, waterproofing, etc.) benefits using pozzolanic elements in making mortar was 
achieved. This capability, although unspoken, was already known from the classical world, and chemical 
studies of the mid- s. XVIII (18) led the way to begin to understand many of these processes and develop 
higher performance binders from the development of natural cements. They are the background for the 
emergence of Portland cement.” (Rosell, J.R. 2013), was another of the motives in which the thesis is 
based. Making this benefits almost forgotten trying to make them alive again.  
The personal situation of being able to pursue a different approach to the “usual” in architecture was the 
second motive. Being able to apply my knowledge in the work I love from the part in which I have never 
being able to be present was another motive in which the thesis was based in. being part of the laboratory 
and getting to know how it works and all the process involved in the matter of handling the raw material 
was a challenge that I was willing to achieve. 
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OBEJECTIVES  
 
- Be able to create a mortars that could be prepared in the field with only adding water to them 
- Give alternatives to choose to the different situations appearing nowadays in the rehabilitation 
process of buildings.  
- Try to be able to create a mortar with the mechanical benefits of a hydraulic based NHL, but 
with the utilization aerial lime instead.  
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1.0(THEORICAL FRAMEWORK) 
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1.1 WORK STRUCTURE 
Work is going to be distributed by parts. The different chapters of the written memory re going to be the 
following. First chapter is going to be general knowledge which will explain about all the basic concepts, 
different situation and all information that is primordial in order to comprehend the work. Next chapter 
is going to be explaining all the test done with the process chosen to one and each of them. Third chapter 
is going to be having the results of the test with the different conclusion we got about them. And there is 
going to be the annexes in which will include all the pictures, tables, and extra information that is 
important but that it was not fitted inside of the work.  
 
1.2    PREVIOUS KNOWLEDGE A 
Definition of basic concepts in order to get the best comprehension of the matter. The information that 
has been used for the purpose of this project has being gathered in conjunction with the previous analysis 
done by the Dr. Domingo Gimeno, who was the main Doctor in charge of collecting the different raw 
materials in which the study is completely based in (D.Gimeno, J.Davidovits, C.Marini, P.Rocher, S 
Tocco, N. Diaz, C Seguro, G.Sistu., March – April 2003).  
 
1.3 EXPERIMENTAL CAMPAIGN 
To the correct evaluation of the mortars in the projects, we are going to be using the different manuals of 
UNE RULES corresponding to each types of procedure that we are going to be involved in. After a 
succession of meetings performed with the Dr Antonia Navarro and the Dr. Joan Ramon Rossell, we 
decided which experiments to perform in order to get to the correct information which will clarify all the 
doubts about the material. After this discussion we manage to get the correct amount of specimens 
needed in the work, and the categorization of each specimens in the exact analysis that is going to be 
applied to it. At last but not least in this part of the work we’re going to be explaining with detail the 
complete process and how it’s being made in order to get the results of the experiments. 
 
1.4 RESULTS 
ONCe we finish the tests we are going to make with the samples the information will we dropped in charts 
this information will be compared to another sample which we are going to be making which is going to 
be containing hydraulic conglomerates and a non-reactive arid. We are pretending to compare the 
pozzolanic characteristics that our arid are going to be giving to our hydroxide calcium mortar and see if 
we are able to achieve similar situation as a hydraulic lime mortar.  
 
1.5 CONCLUSIONS 
After making all the charts and getting all the information we are having about the different mortars that 
we are getting, this information is going to be debated and examined, getting answers about them and 
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seeing if they respond to the criteria for this types of mortars. In the situation that the answer is not quite 
convincing the conclusion won’t be satisfactory and an answer won’t be given. 
1.6     PREVIOUS KNOWLEDGE B 
 
 
1.6.1 Gran Canarias Island 
Isle of Gran Canaria with a 1532 km2 of surface, is the third in dimensions of the archipelago (after 
Fuerteventura and Tenerife), is almost circular with a circumferences of 40 km and presents an altitude 
of 1949 meters. The geological cycle begun during the myocen with an episode of different eruptions 
underneath the ocean that represents near the 75% of the total volume of the isle. The part of the island 
that is above the water could be placed in three cycles named First Cycle (Ancient Myocen), Second Cycle 
or Plyocen and the Third Cycle Plio-Cuaternario. These cycles are separated with erotional intervals. 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.6.2 Tenerife Island 
In the archipelago of the canaries this is the island with the biggest surface with a 2058km2 and the one 
with the highest mountain with a 3718 m, named mount Teide. The shape of this zone is different from 
the Gran Canaria, this one is shaped as a triangule. This morphology is the result of the geological 
constitution, that is three tectovulcanic branches with rift activity, separated in 120 degrees one from 
each other. Due to this type of process of formation the different type of stratos found in this island is 
more complex than the one founded in gran Canarias. Over here we are going to be explaining the most 
transcendent volcanic series that were indeed the responsible for this formation. Basaltic Ancient Series: 
1Gran Canarias Island map, GE 
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this one is well known in the north hemisphere of the island, and in the very tip of the West and North of 
the island. This type of formation is well know because of the high levels of basaltic alkaline in its 
compositions, Second Series is also present in this part with a filoniac dense web which suggest this type 
of series. Cañadas Series, this series is well identifies in the central portion of the island, specifically the 
part in between the three tectovolcanic stratos are united. The different materials that could be identified 
in this part of the island are basalts, tetrites, ordanchites, traquibasaltites, traquites and fonolites. The 
Recent Series is the next one that is a most to be identify in this work, because this is the stratos were all 
the raw material will be taken from. This series is on top of the Cañada series and is practically over there 
because of several eruptions in the past years (Las Gañañias 1420, Siete Fuentes 1604, Fasnia 1605, 
Guimar 1705, Garachico 1706, Chachorra 1798, Chinyero 1909). The different components which are 
founded in this stratos are alcalines, with a high abundances of traquitas and fonolites. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 Tenerife Island Map, GE 
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1.7    MORTAR 
 
1.7.1 History 
 
1.7.1.1 Egypt 
In early Egyptian pyramids constructed about 2600–2500 BCE, the limestone blocks were bound by 
mortar of mud and clay, or clay and sand. In later Egyptian pyramids, the mortar was made of 
either gypsum or lime. Gypsum mortar was essentially a mixture of plaster and sand and was quite soft. 
(Peñaranda Garcia, Pilar. Junio 2012) 
 
1.7.1.2 India 
In the Indian subcontinent, multiple cement types have been observed in the sites of the Indus Valley 
Civilization, such as the Mohenjo-daro city-settlement that dates to earlier than 2600 BCE. Gypsum 
cement that was "light grey and contained sand, clay, traces of calcium carbonate, and a high percentage 
of lime" was used in the construction of wells, drains and on the exteriors of "important looking buildings." 
Bitumen mortar was also used at a lower-frequency, including in the Great Bath at Mohenjo-daro. 
(Peñaranda Garcia, Pilar. Junio 2012) 
 
1.7.1.3 Greece 
Historically, building with concrete and mortar next appeared in Greece. The excavation of the 
underground aqueduct of Megara revealed that a reservoir was coated with a pozzolanic mortar 12 mm 
thick. This aqueduct dates back to c. 500 BCE. Pozzolanic mortar is a lime based mortar, but is made with 
an additive of volcanic ash that allows it to be hardened underwater; thus it is known as hydraulic cement. 
The Greeks obtained the volcanic ash from the Greek islands Thira and Nisiros, or from the then Greek 
colony of Dicaearchia (Pozzuoli) near Naples, Italy. Mohenjo-daro. (Peñaranda Garcia, Pilar. Junio 2012) 
 
1.7.1.4 Italy 
The Romans later improved the use and methods of making what became known as pozzolanic mortar 
and cement. Even later, the Romans used a mortar without pozzolana using crushed terra cotta, 
introducing aluminum oxide and silicon dioxide into the mix. This mortar was not as strong as pozzolanic 
mortar, but, because it was denser, it better resisted penetration by water. Mohenjo-daro. (Peñaranda 
Garcia, Pilar. Junio 2012) 
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1.7.2 Definition of Mortar 
Mortar comes from Latin mortarium meaning crumpled. Mortar is basically a composition of 
conglomerates (aerial or pozzolanic), aggregates (inert or pozzolanic) and water, also it could be used as 
paste with additives in order to get adherence in the materials that you are willing to get unified. The most 
commonly known mortars are the cement and lime mortars which are the ones that science have studied 
the most and as a result of which are the one we know the most.  
Lime Mortar (Water + Lime + Aggregate) 
Cement Mortar (Water + Cement + Aggregate) 
Two main situations in which we found the mortar is when it’s in presence of an aerial conglomerate 
which it begin its hardening stage just when evaporates water and take Co2, the other situation is when 
the conglomerate is hydraulic and the hardening stage begins when it get in contact with water. However 
the mortar is intended to be weaker than the building blocks and the sacrificial element in the masonry. 
Nowadays the most common mortar utilized is the one based in cement because of the characteristics 
that it presents, however when you have a situation in where you need to repair an existing building the 
main thing is to try and use a material that are similar to the one utilized in the original one, and this one 
is almost always the limestone mortar. This type of characterization is categorized by the implementation 
of several analysis of the mortar. 
Among the services offered by a mortar we must distinguish two stages differentiated by their physical 
state, called state fresh and hardened state. The first phase corresponds to the mortar after mixing and 
kneading. The duration varies according to the setting time required by integrating the mixing proportion 
as well as temperature, humidity, etc. At this stage the plastic mortar is workable, allowing its placement. 
Once this phase mortar hardens to consolidate. Therefore, it is necessary to differentiate various 
properties and requirements depending on the state in which the mortar is found. 
The properties relating to fresh relate to commissioning work and influence mainly on the performance 
and quality of implementation. Derivatives requirements therefore meet the requirements of the 
constructor and operators. 
The properties in the cured state are stipulated by the requirements of the project and compliance with 
regulatory and statutory requirements. Therefore, these properties mainly the purview of the architect 
or prescriber. 
Fresh properties are crucial, as they will greatly influence the ultimate performance offered by the mortar. 
It must be emphasized that the characteristics of the mortars in both fresh and hardened depend logically 
your target application, in accordance with the classification reflected above 
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1.7.3 Mortar Composition  
 
1.7.4 Binders 
A binder is any material or substance that holds or draws other materials together to form a cohesive 
whole mechanically, chemically, or as an adhesive. Often materials labeled as binders in different 
proportions or uses can have their roles reversed with what they are binding. An example is straw helping 
to mechanically bind clay together as in the building material cob, and clay as an adhesive helping 
to bind straw together as in a natural insulation. 
Examples of mechanical binders are bond stones in masonry and tie beams in timber framing. 
Cement is the binder in concrete. 
Liquid binders are added to a dry substance in order to draw it together in such a way that it maintains a 
uniform consistency. For example, in the Classical World painters used materials like egg, wax, honey, 
or bitumen as binders to mix with pigment in order to hold the pigment particles together in the 
formation of paint. Egg-based tempera was especially popular in Europe from the Middle Ages until the 
early 16th century. However, since that time, the binder of choice for paint has been oil. Today in the art 
form of sculpture, organic binders are what is traditionally used. An organic binder is a glue made from an 
animal source or a gum made from a vegetative source. Glue is often made by the boiling of hoofs, bones, 
or skin of animals and then mixing the hard gelatinous residue with water. Gum-based binders are made 
from, alternatively, the boiling of plants.  
 
1.7.5 Classification of the Mortars  
Depending on where the mortar were done and depending the techniques used to make the mortars even 
depending the arid and materials used to make a mortar will directly affects the benefits we obtain from 
a mortar knowing these we classified the mortar as following: (Santiago Riera Juan y Miguel Angelo 
Goncalves Soares, 2013) 
 
1.7.5.1 Depending on Fabrication System 
Mortars pre done in the fabrics and they are measured, classified, kneaded and added the water in the 
fabric. They arrive to the field just to be used, they are ready to go.  
 
1.7.5.2 Pre dosed  
The type of arid that comes measured and bagged from the fabrics the only thing that is going to be 
needed is to add the amount of water requested by the maker of the mortar. This type of mortar is the 
one we are going to be trying to perform in this project.  
 
0000 
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1.7.5.3 in-Site Preparation 
 The complete process of measure, mix and kneaded is done in the field. This the most inaccurate type of 
mortar and due to this type of preparation is the most common to have the least benefits of the three. 
 
1.7.5.4 Depending on the Base  
Another type of distribution done to mortars is depending the base of them. These three big families are 
as following: 
 
1.7.5.5 Plaster Mortar 
Mainly the composition is cast which is cooked at low temperatures to get it to work, this type of mortar 
is usually used to interiors.  
 
1.7.5.6 Lime Mortar 
It is a combination of arid + lime + water, the lime could be aerial and hydraulic depending on the needs, 
and this type of mortar is the one implemented thru the process in this thesis.  
 
1.7.5.7 Cement Mortar 
It is a combination of Cement + arid + water.  
 
1.7.5.8 Mixed Mortar 
This one is based in the mixture of all of the previous mortars, lime and cast or lime and cement.  
 
1.7.5.9 Depending on properties or the final situation in which is going to be 
used  
Depending on where the mortar is going to be used it could be placed in some categories, remembering 
that every mortar has to follow some characteristics I order to get 100% from them 
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1.7.5.10 Masonry Mortar 
This type of mortar is classified depending the amount utilized in between two blocks, they are basically 
used to nonstructural use and they could not exceed the 3mm thickness. Characteristics found in the 
mortar are very high flexibility, good mechanical resistance, good adherence, low resistance to water 
permeability.  
 
1.7.5.11 Stucco Plaster Mortar 
The main use for this type of mortar is the incorporation in façade, renewal of a surface, and all rebuilding 
phases. This mortar is also used to be insulating. The main characteristics that you will find in this type of 
mortar is low retraction, high flexibility, good adherence, low resistance to water permeability, low water 
absorption by capillarity and low thermic conductivity. 
 
1.8 Comparison in Between Lime Mortar and Cement Mortar 
As we know the characteristics we obtain from using the lime at the time of making the mortars are very 
differentiated from the used in cement, using the lime we get a better workability and plasticity in the 
paste form of the mortar, low mechanical resistance and low Elasticity Modulus which means that these 
type of mortar will offer higher amount of deformation in them. Another characteristic in lime mortars is 
high permeability to water absorption, low effloresce when using them as stucco, because of the absence 
of soluble salts and alkalis.  
The cement mortar is all of the above but contrary. Giving us rapid dryness in them, very high mechanical 
resistance, elasticity modulus very high, low water permeability and high in concentration of soluble salts 
which will get us with effloresce.  
 
1.9 Lime  
Calcium-containing inorganic material in which carbonates, oxides and hydroxides predominate. Strictly 
speaking, lime is calcium oxide or calcium hydroxide. It is also the name of the natural mineral (native 
lime) CaO which occurs as a product of coal seam fires and in altered limestone 
xenoliths in volcanic ejecta. The word "lime" originates with its earliest use as building mortar and has the 
sense of "sticking or adhering."  
These materials are still used in large quantities as building and engineering materials (including limestone 
products, concrete and mortar) and as chemical feedstocks, and sugar refining, among other uses. Lime 
industries and the use of many of the resulting products date from prehistoric periods in both the Old 
World and the New World. Lime is used extensively for waste water treatment with ferrous sulfate. 
The rocks and minerals from which these materials are derived, typically limestone or chalk, are composed 
primarily of calcium carbonate. They may be cut, crushed or pulverized and chemically altered. "Burning" 
(calcination) converts them into the highly caustic material "quicklime" (calcium oxide, CaO) and, through 
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subsequent addition of water, into the less caustic (but still strongly alkaline) "slaked lime" or "hydrated 
lime" (calcium hydroxide, Ca(OH)2), the process of which is called "slaking of lime". 
 
1.10 Aerial Limes 
The aerial limes utilized in this project is Calcium Hydroxide CL 90 from PACHS, the lime comes in 25 
kilograms bags and was supplied by the university. The scientific nomenclature of the aerial lime is CL 90 
it responds to a hydrated lime, with an 80% of CaO + MgO the same or above of the mass and the MgO 
less than 5%, as is written In the (UNE-EN 459-1). Aerial lime we know that it comes in two different forms 
as a paste and as dust. In the work is going to be utilized the dust one because we specified in the 
introduction that one of the characteristic in the work is that we are going to be making mortars for the 
improvements of the works in the field. This is not easily done to the paste because of its hydraulic stage, 
which as soon it’s combined with the arid will begin to get the hardening process done. Trying to make  
mortars in which you only need to add water is the main thing we want to do and this is not going to be 
possible with paste lime because it’s going to be beginning the drying process before it arrives to the field, 
and as we read in the Doctoral Thesis of Joan Ramon Rosell “everything you introduce into your mortar 
meaning to improve its performance or to delay the dryness it’s going to be creating collateral damage to 
the mortar and will affect something in it, even if we think we are improving something” (J.R. Rosell, 
2013). 
   Aerial Hardening Process Pozzolanic 
 
 
 
 
 
 
 
 
 
This process we intended to have in the image above is the process is the 
pozzolanic reaction in which the Silicon Oxide, Aluminum Oxide and the Lime 
react in conjunction to create a hard mortar, this process will happen but when 
done in presence of CO2 this process is done quite more faster, so depending 
on the porosity of the material it will enter more amount or less amount of CO2 
into the material. Over here each molecule is separate one from each other.  
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1.11 Hydraulic Lime 
The lime utilized in this process is “Hydraulic White Natural Lime by Lafarge, NHL 3.5”, this one is 
distributed by the owner in the facility they have in Montcada, Barcelona. This one also comes in bags of 
25 kgs. This type of lime is going to be used only to have the plain samples, this samples are going to be 
used as baseline of comparison in between all the other samples that we are going to be making in this 
project. 
         Hydraulical Hardening Process 
 
 
 
 
 
 
 
 
 
 
 
 
 
As we could see in the hydraulic hardening process, molecules are inside a big 
molecule this makes a barrier which make the arid and the lime to be 
converging in between them before they get in contact to the CO2, which makes 
this reaction reliable in between them. When CO2 arrives into the molecule 
they had already begun the process without its presence. 
 
1.12 Arid 
It is called arid to the granulomere material that is used as raw material mainly in construction. Arid is 
differentiated from other materials by its chemical stability and the mechanical resistance, and it is 
characterized by its size. Arid could be found in two different phases natural, artificial and recycled.  
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1.12.1 Types of Arid Regarding its Origin 
Natural arid are arid which are only exposed to mechanics process of explosion and the carving of 
the retro truck, this type of arid could be angular shape the one which comes from the mine and 
in rounded shapes if they come from the river. 
Artificial Arid, it comes from an industrial process and it has being artificially altered its physical 
and chemical foundation in order to improve its benefits.  
Recycled Arid, is the one resulting the recycling process of residual or demolitions done to 
constructions. 
 
1.12.2 Types of Arid Regarding its Nature 
Silicates: main base of this arid is the silica, they are the most stable ones due to the hardening it 
presents and the resistance to smashing and decomposition. These type of arid are the most 
common encountered in the wild.  
Calcareous: hardness and stability will depend on where they are found. 
Granites: homogeneity is a very usual characteristic found in this type of arid. Depending on the 
base of them will be: coarse, will be very hard and if the feldespate is present they are going to 
be very alterable due to caolination process.  
Basaltic: very hard and reliable material. 
Slate: fundamentally formed by particles in needle shape. 
Clayey: main characteristic of this type of arid is that they does not get adhered to other materials 
that is why the use of these one is not recommendable.  
 
1.13 Physical Properties of the Arid 
Due to the size of the arid is also characterized.  
Size: depending of the size of the sieve in which they fit the arid is going to be putted in place, fine 
aggregate could go thru the 4mm sieve and less, gravels which goes more than 4 mm.   
Granulomere: this is a normalized standard of sizes that are used to denominate an arid, this sizes 
will actually tell the behavior of the arid. The sizes of the granulomere are as following 0.063, 
0.125, 0.25, 0.5, 1.00, 2.00, 4.00, 8.00 all of them are millimeters. UNE EN 933-1 
Granulomere Curve: it is a graphical representation of the granulomere sieves, in which you 
represent the actual amount of dust which didn’t went thru the sieves after the 2 minutes 
smashing lapse.  
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Granulomere Modulus: it is going to be the addition of all the residuals you have in the sieves 
diving them by 100 will give you approximate size of the arid you are using. 
Thins: the dust which is left in the last sieve after passing the 0.063 mm sieve.  
Humidity: this factor is crucial at time of the making of the mortar because it going to be altering 
the amount of water you will add then to the mixture.  
 
1.14 LOI (Loss on Ignition) 
 
Loss on Ignition is a test used in inorganic analytical chemistry, particularly in the analysis of minerals. It 
consists of strongly heating ("igniting") a sample of the material at a specified temperature, allowing 
volatile substances to escape, until its mass ceases to change. This may be done in air, or in some other 
reactive or inert atmosphere. The simple test typically consists of placing a few grams of the material in a 
tared, pre-ignited crucible and determining its mass, placing it in a temperature-controlled furnace for a 
set time, cooling it in a controlled (e.g. water-free, CO2-free) atmosphere, and predetermining the mass. 
The process may be repeated to show that mass-change is complete. A variant of the test in which mass-
change is continually monitored as temperature is changed, is thermogravimetric. 
The loss on ignition is reported as part of an elemental or oxide analysis of a mineral. The volatile materials 
lost usually consist of "combined water" (hydrates and labile hydroxy-compounds) and carbon 
dioxide from carbonates. It may be used as a quality test, commonly carried out for minerals such as iron 
ore. For example, the loss on ignition of a fly ash consists of contaminant unburnt fuel. 
In processing industries such as lime, calcined bauxite, refractories or cement manufacture, the loss on 
ignition of the raw material is roughly equivalent to the loss in mass that it will undergo in a kiln. Similarly 
for minerals the loss on ignition represents the actual material lost during smelting or refining in a furnace 
or smelter. The loss on ignition of the product indicates the extent to which the pyro processing was 
incomplete.   
 
1.15 Water 
The water that we are going to be using for the samples is common water from the fountain, this is the 
water that the public web of Barcelona is giving to the city.  
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1.16 Volcanoes 
A volcano is a vent or chimney which transfers molten rock known as magma from depth to the Earth's 
surface. Magma erupting from a volcano is called lava and is the material which builds up the cone 
surrounding the vent. 
A volcano is active if it is erupting lava, releasing gas or generates seismic activity. A volcano is dormant if 
it has not erupted for a long time but could erupt again in the future. Once a volcano has been dormant 
for more than 10 000 years, it is termed extinct. 
The explosiveness of a volcanic eruption depends on how easily magma can flow and the amount of gas 
trapped within the magma. Large amounts of water and carbon dioxide are dissolved in magma causing 
it to behave in a similar way to gas expanding in fizzy drinks, which forms bubbles and escapes after 
opening. 
As magma rises quickly through the Earth's crust, gas bubbles form and expand up to 1000 times their 
original size. 
Volcanoes can be different in appearance with some featuring perfect cone shapes while others are deep 
depressions filled with water. The form of a volcano provides a clue to the type and size of its eruption 
which is controlled by the characteristics and composition of magma. The size, style and frequency of 
eruptions can differ greatly but all these elements correlated to the shape of a volcano. Three common 
volcanoes are: 
Shield volcano 
When magma is very hot and runny, gases can escape and eruptions are gentle with considerable amounts 
of magma reaching the surface to form lava flows. Shield volcanoes have a broad, flattened dome-like 
shape created by layers of runny lava flowing over its surface and cooling. Because the lava flows easily, 
it can move down gradual slopes over great distances from the volcanic vents. The lava flows are 
sufficiently slow for humans to outrun or outwalk them. This type of magma has a temperature between 
800°C and 1200°C and is called basaltic magma. 
Composite volcano (Strato) 
Also known as strato-volcanoes, these volcanoes are characterised by an explosive eruption style. When 
magma is slightly cooler it is thick and sticky, or viscous, which makes it harder for gas bubbles to expand 
and escape. The resulting pressure causes the magma to foam and explode violently, blasting it into tiny 
pieces known as volcanic ash. These eruptions create steep sided cones. They can also create lava flows, 
hot ash clouds called pyroclastic flows and dangerous mudflows called lahars. This type of magma has a 
temperature between 800°C and 1000°C and is called andesitic magma. 
Caldera volcano 
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These erupt so explosively that little material builds up near the vent. Eruptions partly or entirely empty 
the underlying magma chamber which leaves the region around the vent unsupported, causing it to sink 
or collapse under its own weight. The resulting basin-shaped depression is roughly circular and is usually 
several kilometres or more in diameter. The lava erupted from caldera volcanoes is very viscous and 
generally the coolest with temperatures ranging from 650°C to 800°C and is called rhyolitic magma. 
Although caldera volcanoes are rare, they are the most dangerous. Volcanic hazards from this type of 
eruption include widespread ash fall, large pyroclastic surges and tsunami from caldera collapse. 
(AGAMIC, Australian Government) 
1.17 Volcanic Rock 
Is a rock formed fom magma erupted from a volcano. The chemistry of volcanic rocks is dependent on 
two things: the initial composition of the primary magma and the subsequent differentiation. 
Differentiation of most volcanic rocks tends to increase the silica (SiO2) content, mainly by crystal 
fractionation. Most volcanic rocks share a number of common minerals. Differentiation of volcanic rocks 
tends to increase the silica (SiO2) content mainly by fractional crystallization. Thus, more evolved volcanic 
rocks tend to be richer in minerals with a higher amount if silica such as phyllo and tectosilicates including 
the feldspars, quartz polymorphs and muscovite. While still dominated by silicates, more primitive 
volcanic rocks have mineral assemblages with less silica, such as olivine and the pyroxenes. Bowen's 
reaction series correctly predicts the order of formation of the most common minerals in volcanic rocks. 
1.18 Pumice Rock 
Is a volcanic rock that consists of highly vesicular rough textured volcanic glass, which may or may not 
contain crystals. It is typically light colored. Scoria is another vesicular volcanic rock that differs from 
pumice in having larger vesicles, thicker vesicle walls and being dark colored and denser.[1][2] 
Pumice is created when super-heated, highly pressurized rock is violently ejected from a volcano. The 
unusual foamy configuration of pumice happens because of simultaneous rapid cooling and rapid 
depressurization. The depressurization creates bubbles by lowering the solubility of gases (including 
water and CO2) that are dissolved in the lava, causing the gases to rapidly ex solve (like the bubbles of 
CO2 that appear when a carbonated drink is opened). The simultaneous cooling and depressurization 
freezes the bubbles in the matrix.  
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2.0(EXPERIMENTAL CAMPAIGN) 
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2.1 INTRODUCTION 
Once we finish the process of explaining all the criteria needed to comprehend the work, know we are 
going to be explaining, the process taken to perform the test to the mortars we are preparing in both 
phases fresh and hardened mortars. Over here all the materials, processes, instruments, rules and 
procedures done are explained. Remembering that the processes were done following the SOP and UNE 
RULES, consulting of several projects as (Garcia Peñaranda, 2012), (Riera Santiago, Goncalves Miguel, 
March 2010), (Marinez Veloz Rafael Emilio 2014), as knowledge to this project.  
 
2.2 OBJECTIVES 
The main objective in this experimental campaign is to examine in the correct way all the characteristics that the 
aggregate has and try to identify if this aggregates that were supplied to the university are able to be used in the 
preparation of the mortars.  
This situation is going to be the most important part in this project because is going to be the one who would 
throw all the conclusions of the project, the results obtained in the campaign of experiments that are going to be 
done in this thesis basically are going to be responding if the aggregate utilized in those sample has all the 
characteristics to be used in other projects as mortars, that is why the experiments done to the aggregate are the 
one who respond the most common situation in which the mortars are used.  
 
2.3 HYPOTHESIS 
After performing the Fluorescence X-ray Test to every arid, we got the presence of Silicates and 
Aluminates in them. Presenting in more of 50% percent the silicates and 15-20 % of aluminates in the arid, 
with tells us that we are working with reactive arid.  
We think that the arid had a hydraulic part which is the zeolite and another pozzolanic which are the 
silicates and aluminate. This ones should react without the interaction of the CO2. (Bagged Ambience). 
There is going to be an overdose of hydrated lime, that will carbonates with the Co2 depending the 
ambience in which they are going to be placed (Aerial or Carbonated). We use a hydraulic conglomerate, 
which is going to be white. After we post all their theories we need to verify which reaction will be the 
strongest on this arid, hydraulic, pozzolanic or carbonation. Which type of arid represents a hydraulic 
reaction more similar to the NHL, it has logic to say the arid with the bigger LOI is the most hydraulic one? 
Knowing that LOI (Loss Of IGNITION).  
So after clarifying this statements we could say that the bigger amount of calcites in the arid the bigger 
the hydraulic stage so this would be reflected as an increase of mechanical benefits in the mortars? 
   
2.4 SOP (Standard Operating Procedures)  
It’s the documents which is used to describe in a very easy, specific and clear way of making an operation, 
all the responsibilities involved and the people needed in order to make this job the correct way. Some of 
the characteristics that we are usually looking for when using the SOP in a test are, dimensions, 
procedures, describe all the jobs and how are they done, looking to have the most credible results. 
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2.5 AGREGGATES (ARID to be Used) 
The arid we are going to be working with in the project are well known, they come from a volcanic 
eruptions so it has several characteristics because of this, these characteristics could be staged by physical 
characteristics and chemical characteristics. These arid we are going to be analyzing are going to be 
fragments which go from 0 to 6 mm of basaltic composition, by its physical condition we could say that 
this pumice stones has soft colors, they’re very light and even in some time they could be even floating in 
water we could also see that all the arid were utilizing have the specific surface very high due to its 
condition. In the composition of them we find the silicates and the aluminates in a higher dose which 
results that these arid could be placed as reactive. 
The aggregates to be utilized in this project were chosen responding to a several characteristics. First one 
is the “LOI (Loss in Ignition)” which is to monitories the mass of an element to see how it change when 
applying high temperatures. Knowing this and also knowing the stretch relation in between LOI and the 
amount of zeolites (element in charge of normalize the hydraulic stage), we handled to select an arid with 
a High LOI, an intermediate LOI and a Low LOI, from each of the different countries.   
 
TOTAL OF 
AGGREGATE WE 
RECEIVED (gr) 
1 TE 01 10080.24 
2 GC 02 6887.52 
3 GC 03 8186.89 
4 TE 02 4417.74 
5 TE 09 4038.11 
6 TE 05 218.44 
7 TE 06 4327.28 
8 TE 03 2434.09 
9 GC 06 5159.6 
10 TE 08 6883.37 
11 GC 04 8331.91 
12 GC 05 3557.63 
13 GC 01 6097.1 
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Because of the time we had to overcome to the complete process we needed to select 6 samples of the 
chart this following the characteristics previously mentioned. We also selected three from each family, 
remembering the two big sites we have arid from were Gran Canarias and Tenerife. The Selected arid 
were the following: 
  GC 01-GC04-GC 06   TE 02-TE 06-TE08 
 SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CeO Na2O K2O P2O5 LOI  
GC 01 58.79 0.88 15.29 4.32 0.35 0.97 0.61 5.15 4.98 0.06 8.60 
GC 04 67.78 0.61 14.87 3.62 0.20 0.38 0.27 6.59 4.72 0.27 0.68 
GC 06 62.30 1.13 15.13 6.74 0.03 1.57 1.24 0.90 0.43 0.05 10.49 
            
TE 02 54.84 0.48 17.34 2.95 0.23 2.55 0.58 5.32 4.09 0.03 11.58 
TE 06 56.98 0.76 17.46 3.34 0.17 2.10 1.07 6.29 4.22 0.09 7.50 
TE 08 56.38 1.29 16.70 4.75 0.19 1.62 2.45 5.89 3.69 0.32 6.70 
 
 % SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CeO Na2O K2O P2O5 LOI 
GC 01 58.79 0.88 15.29 4.32 0.35 0.97 0.6 5.15 4.98 0.06 8.6 
GC 02 60.28 0.81 16.96 3.47 0.29 1.97 0.4 5.2 4.36 0.05 6.29 
GC 03 66.4 1.12 13.3 6.02 0.26 0.76 0.4 6.78 4.35 0.08 0.58 
GC 04 67.78 0.61 14.87 3.62 0.2 0.38 0.3 6.59 4.72 0.27 0.68 
GC 05 58.8 0.77 16.33 3.79 0.3 0.75 0.4 5.9 5.34 0.03 7.6 
GC 06 62.3 1.13 15.13 6.74 0.03 1.57 1.2 0.9 0.43 0.05 10.5 
TE 01 54.27 0.57 17.24 2.83 0.19 1.16 1.7 6.18 4.7 0.07 11.1 
TE 02 54.84 0.48 17.34 2.95 0.23 2.55 0.6 5.32 4.09 0.03 11.6 
TE 03 57.63 0.47 18.4 3.29 0.25 0.57 0.6 6.58 5.41 0.03 6.8 
TE 04 57.8 0.61 18.59 3.9 0.19 1.66 0.6 3.45 4.3 0.03 8.9 
TE 05 59.15 0.64 16.96 2.92 0.19 2.04 0.8 5.42 4.88 0.05 6.98 
TE 06 56.98 0.76 17.46 3.34 0.17 2.1 1.1 6.29 4.22 0.09 7.5 
TE 07 57.41 0.84 19.73 4.75 0.13 1.41 0.6 1.54 2.44 0.07 11.1 
TE 08 56.38 1.29 16.7 4.75 0.19 1.62 2.5 5.89 3.69 0.32 6.7 
TE 09 61.68 1.05 16.45 5.07 0.26 0.58 0.8 2.03 3.22 0.05 8.84 3 FRX's 
SiO2: Silicon Dioxide TiO2: Titanium Oxide Al2O3: Aluminum Oxide Fe2O3 Iron III 
Oxide MnO: Manganese Oxide MgO: Magnesium Oxide Ceo: Cerium Oxide 
Na2O: Sodim Oxide K2O: Potassium Oxide P2O3: Phosphorus Pentoxide LOI: 
Loss on Ignition 
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2.5.1 GC 01 
 
Ignimbrite Fonolite very poor in litics. Pumites less than 5 cm. belongs to the superior 
myocen. 
UTM: 58.1/06.9 
Page: Las Palmas de Gran Canaria, number 1101-1-II 
Geological Map of the IGME, page 1:25.000 
Location: Barranco Seco, exit in kilometer 2 from “las palmas a Tafira”. 
Conditions in which it was found: 
This sample was taken from the highway, next to an old quarry carved vertically into the 
rock, possible water deposits in gallery. Right in front of the new sewage treatment plant 
the consortium insular use of treated water. 
2.5.2 GC 04 
Ignimbrite Base from Mogan sector, first cycle. 
  UTM: 30.9/72.7 
  Page: Arguineguin 1113-II, 82-86 
  Geological Map of the IGME, page 1:25.000 
  Location: Barranco de Tiritaña, National highway 810, km80 
  Conditions in which it was found: 
Very abundant in thickness, good lateral continuity, very near to the highway. In a 
negative aspects is that is very near to the touristic site of Mogan-Taurito. 
2.5.3 GC 06 
Temise (outside of the village, thru an asphalt street). Intracalderic Igmimbrite, it was 
coered by fonolite, it belongs to the first cycle. 
UTM: 50.8/87.2 
Page: Temise 
Geological Map of IGME: page 1:25.000 
No notes given in the entourage that it was found. 
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2.5.4 TE 02 
Not weldged pumite was found in this sampe, not rounded, vast deposit with stratification slightly 
marked. Pumites with a diameter from 2-5 cm, it doesn’t have the aspects of a fall. Underneath 
the deposit you could see 2 meters of flow, 30 cm above sands.  
UTM: 321/357.7 
Page: Lomo de Arico, 1119-IV 
Geological Map of IGME, pag 1:25.000 
Conditions in which it wwas found: 
Old quarry. Easy acces from the highway. 
2.5.5 TE 06 
Guama Querry, it was founded in the surroundings of the Santa Cruz factory. Highway of the 
Teresita. Bibliographic classification is Tobas Pumites, traquiticas and fonoliticas. 
UTM: 323.1/357.4 
Page: Lomo de Arico 1119-IV 
Geological Map of the IGME: page 1:25.000 
2.5.6 TE 08 
Founded in the crosswalk located in the highway that goes from the Christians to the Isora.  
UTM: 297.5/357.8 
Page: Adeje 1118/IV 
Geological Map of IGME: 1:25.000 
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2.6 AERIAL LIME 
Aerial lime used is the Calcium Hydroxide CL 90-S from Pachs del Penedes, which comes in 25 kg format 
in dust.  
 
2.7 HYDRAULIC LIME 
Hydraulic Limes used to make the pilot samples for comparison is the Hydraulic Whit Natural Limestone 
by Lafarge, NHL 3,5. 
 
 
 
 
 
 
 
 
 
4 CANARY ISALNDS MAP 
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2.8 PREPARATION OF THE ARID TO WORK 
The arid we have to work with came in bags, theses bags included the arid in all 
the proportion in between 0 mm to bigger than 5mm, also as a request of the 
owner of the samples he needed the dust of all the samples in order to make 
some test by himself, due to this situation we decided to make a first 
approximation of characterization in the samples and take away all gravels 
greater than  5 mm, after that we proceed to make the granulomere test (it is 
explained further in the work) to see the behavior of the arid in comparison to a 
normalized fuller, and to take the dust as requested. , a positive aspect we got of 
making this decision and separating the materials is that we were able to get the 
first look at the material and the feeling of how the analysis could be performed 
due to several aspects of the rock (texture, weight, density). All these aspects 
were throwing kind of little advices of how the process will go.  
 
2.9 GRANULOMERE BY SIEVING 
Being able to know the distribution in size of the grain founded in the sample is crucial to have a good 
quality mortar as is written In Normas UNE-EN 933-1(18). Basically we are talking about the structure of 
the arid and is going to be determining how is going to behave the 
arid in front of the different situation that would affect it. 
Following UNE EN 1015-2, it consist it making a 2 kg group of the sample, 
according to it size, using the standardized sieves. The amount of 
aggregate that is retained on each sieve is used to make the aggregate 
grading curve, compared with the curve of maximum compactness of 
Fuller and the upper and lower limits of the spindle.  
But, in order to get to this charts you need to follow a process that will 
make sure that theses graphics had credible information. The first thing 
we made in order to make this test was to have all the materials that 
were going to be involved in this process at hand. 
This analysis is basically made by getting 2 kg of the arid and basically making it to pass thru several sieves 
and see how much of the arid got retained in each and every of sieves. This sieves comes determined by 
the NORMAS UNE series and they were given to us by the Laboratory of Materials of EPSEB. 
 
 
 
 
6 Arid Example 
5 Device to separate 
the thin Dust requested 
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2.9.1 Operatory Process 
To be able to make the process the most impeccable 
way we were able to the first step of the process was 
getting to know all the utensils we were going to be 
using in the experiment. We did make sure that 
everything was regulated and that every instrument 
used actually was in the interval of usage 
recommended by the NORMAS UNE. After this we 
went ahead and prepared the sieving machine 
utilizing the normalized sieves that went from 4, 2, 1, 
0.5, 0.25, 0.125, 0.063 and Base all these measures 
were made in millimeters. Once we have the twer 
armed we proceed to clean them with a brush and 
weigh them each time before putting in the arid. In 
the mandatory rules for this experiment says that the 
minimum amount of arid representative to be able to 
have a decent experiment is 2 kg or 2000 grams which 
was the next step we took of taking apart of each of 
the 6 samples we needed to make curve. The weigh 
that we used is a normalized also bascule that gives 
the information in grams at it goes in between 0.01-
4.000 grams giving us a two decimals exactitude.  
7 Granulomere Machine with Sieves 
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After we have the 2kg of arid we proceed to put it in the first one of the sieves (4mm) and begin to turn 
on the machine for exactly 2 minutes, this machines moves and hits the arid and it going to be placing the 
different sized of arid in the sieves which its corresponds. The different sieving we weight them with the 
materials left in each one and then subtract the empty weight from the new weight that we have known 
and write these number down. We did this process the same way to each one of the arid that we have. 
With each of the number that we are having we proceed to make a chart in excel with the granulomere 
curve of each material and comparing it to the ideal one by Fuller, this way we are going to be determined 
if the arid is adequate to further experiments or not.  
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2.10 CAMPAIGN PLANNING 
The test that are going to be described are the base of the thesis. This test are going to be the responsible 
to give us out the results which are going to be in a positive or a negative way to each of the arid that we 
are analyzing. All the test were made following all the codes involved in them and also supervised by the 
Doctors with expertise in the matter. They were made in the “Laboratorio de Materials of the EPSEB in 
UPC, Barcelona.  
8 Granulomere Sheet 
9 Granulomere Test 
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After the process of characterization of the arid we have to determine the correct analysis that are going 
to be done to them in order to get the more wise information from them. During meetings in the university 
with the headmasters of the Laboratory (Joan Ramon Rosell & Antonia Navarro), in addition with the 
petition of the requests done by Dr. Gimeno,. Also knowing the final usage of the arid that is going to be 
tested to perform as a mortar, we decided to perform the following processes to each one on the arid.  
2.11 TESTS 
As it is well known and also as explained earlier we know that mortar has two stages fresh and dry. The 
test performed in this work are going to be in both of the stages for us to be able to compare the 
characteristics in the stages.  
Fresh Mortar: one of our objectives in the presentation of this work is to be able to get a mortar which is 
pre done in fabrics and the incorporation of water is the only thing in order to be able to use it in the field. 
Following rule UNE CODE 1015-3 about consistency in mortars, the consistency will be 15 cms diameter 
in a 1 to 1 in weight proportion of arid and lime just playing with the water in the mixture.  
Harden Mortar: 
The test done to the harden samples are going to be the following: 
- Elastic Dynamic Modulus 
- Flexural Strength 
- Compression Strength 
- Density (Bulk and Relative) 
- Porosity 
In order to check the hypothesis we proposed earlier in the work we decided to create three ambiences 
in which the samples are going to be immerged these ne responding to the carbonation process of the 
lime.  
A. Aerial Hardening 
B. Carbonate Hardening 
C. Humidity Hardening 
These three ambience will actually respond to the situation in which the mortars could be used as soon it 
goes to the field. The conditions applied to the ambience are as following: 
 
 
 
A. Aerial Hardening:  
a. In this situation we filled out the samples and left those 28 days which is the 
mandatory days were it is supposed that the samples acquire more than 95% of the 
properties. The conditions for this type of sample was the laboratory ambience which 
is behaving in between 20* to 22* Celsius with a 65% of humidity in a daily basis.  
UNIVERSIDAD POLITECNICA DE CATALUNYA (UPC) 
ESCUELA POLITECNICA SUPERIOR DE EDIFICACION DE BARCELONA (EPSEB)  
 
“CHARACTERIZATION OF AERIAL LIME BASE MORTARS WITH VOLCANIC AGGREGATES” 
ARQ. JOSE MANUEL MARIÑEZ VELOZ  
Page | 31 
 
 
 
 
 
 
 
B. Carbonate Hardening:  
a. In this situation we filled out the samples and left them 
drying over 21 days in aerial atmosphere after that we 
took them and put them at a normalized ambient in the 
Co2 chamber during 7 days or 1 week. This Co2 was 
monitored by a thermometer and we would always 
maintain the Co2 over 10 ppm in the chamber and the 
humidity over 75%, opening the chamber for 1 hour in 
a daily basis to have fresh pure air.  
 
C. Humidity Hardening (Bagged):  
a. In this situation we filled out the samples and before they begin the process of 
hardening they were bagged with a water recipient in it, trying to get no contact with 
Co2, increasing humidity levels to a notch. 
 
 
 
 
 
 
 
 
2.12 DESCRIPTION EXPERIMENTAL CAMPAIGN  
The amount of samples that we are going to be needing to perform all the test that we already talked 
about in the previous subtopic. As we told we have three ambience in which the samples are going to be 
tested, we know that a sample could be used to make various test because not all of the test that we are 
going to be performing are a destructive and we also have to add that we need to have a couple of sample 
10 Samples In Aerial Ambience 
11 Samples in Carbonate 
Chamber 
12 Bagged Samples 
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to sacrifice in case of any inconvenience appear. Knowing that the mold comes in a pack of three we 
decided to make three molds to each of the arid. 
  Aerial A. 
Carbonated 
A. 
Bagged 
GC 01 3 3 3 
GC 04 3 3 3 
GC 06 3 3 3 
TE 02 3 3 3 
TE 06 3 3 3 
TE 08 3 3 3 
Blanca 3 3 3 
Sacrificio 3 3 3 
  total 72 
 
 
2.13 TEST DONE TO THE FRESH MORTAR  
 
Standard Procedure for Work 
 
2.13.1 Determination of Mixing Water and Consistency: 
After a couple of meetings realized in the EPSEB about this thesis, and following UNE CODE to make a 
mortar with the correct workability to be used in the field the consistency was determined to be 
normalized to a 15 mm in diameter with a variation of 2 mm. To get this consistency, we need to be playing 
with the water in order to get this diameter, as we explained earlier in the thesis. This diameter is going 
to be responding to the process of the table of shakes.  
This tables of shakes which is a simple leveled round table, with a support in the center which actually 
makes all the action of the hits and also in charge of leveling the mortar. A conic metal mold with is 
normalized in the UNE-EN 1015-3, a ruler to clean the excess of mortar in the cone, recipients in which I 
could measure in grams all the raw materials.  
1. In the center of the shaken table you are going to be putting the cone trying to get the center 
of the cone to the center of the table, reducing error to the minimum. 
2. The previously done dough of the mortar you are going to be measuring the mortar to make 
sure that the raw material, the lime and the water is well done. 
3. Pour the dough inside the cone and fill it to the middle, with the hammer the cone has in it 
hit the dough 15 times with gaps of 1 second in between for a total of 15 seconds. 
4. Continue to fill the cone to the top and try to have a bit of excess of mortar, put in the ring 
which is going to be holding the excess of the mortar, hit one more time the mortar 15 times 
with gaps of 1 second in between for a total of 15 seconds.  
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5. Remove the ring you putted and with the ruler cut the excess of the mortar 
6. With the two hands take the cone and trying to lift it by making a 90 degrees angle with the 
table lift the complete cone and put it aside.  
7. The leva of the table you are going to be rolling it or shaking it for 15 times until you see the 
number you have left after the 15 shakes is the number you are looking for, in our case it have 
to be 7.50 cm of radius to get the 15.0 in diameter 
 
 
 
 
 
 
 
 
 
2.13.2 Doses 
The doses used in the consistency table responds to the playing with the water every time we make a 
paste. In the following table we are going to be expressing the amount we used in each of the samples 
knowing that the realization was 1:1:x (arid:lime:water). Consistency of 15 cm is utilized to make the 
mortar in the project due that normalized by UNE EN 1015-3 and also this diameter gives the correct 
workability to be used in the field.  
  ARID LIME (Cao) WATER (H2O) 
GC 01 200 grams 200 grams 208.04 gr 
GC 04 200 grams 200 grams 165.30 gr 
GC 06 200 grams 200 grams 217.30 gr 
TE 02 200 grams 200 grams 272.30 gr 
TE 06 200 grams 200 grams 217.80 gr  
TE 08 200 grams 200 grams 199.25 gr 
Blanca 200 grams 200 grams 111.26 gr 
 
This are amounts of arid, lime and water to get the consistency of 15 cm diameter in the table of hits. The 
units utilized in the project are in weight because these process is better to be used in the laboratory but 
in order for these proportions to be used in the field we are expressing them in volume. Applying this 
situation to the apparent density of the arid.  
13 Conic Pyramid 14 Table of Shakes 
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Due to the implementation of one one of the objective of getting our mortars normalized and could use 
in the field we converted the doses to liters so they could be managed in site by the proportion requested 
and used in the field. 
 
2.13.3 Identifying the Samples 
The grand total for the samples as we already describe is 72 samples, which are going to be made in 
different days and stages so it’s a crucial steps to get them clearly labeled so we don’t have any type of 
confusion. Remembering that the “lime” we are going to be using is white and this has a very high impact 
in the color and all the sample are going to be very similar in color and in texture. In other ambit is well 
know that this samples in anytime could be worked by another assistant which is not the one who filled 
the molds and could get confusion. The molds we are utilizing for the sample are the traditional metal 
one that are normalized by UNE-EN (21). Which creates three samples with a rectangular shape of 40 mm 
x 40 mm x 160 mm.  
To continue with the name that was given by the geologist to each of the arid, the samples are going to 
be labeled the same way and because we have 9 samples of the same arid, next to the type of arid we are 
putting a letter that will go from A – I, and each groups of letters referring to an ambience which the 
samples are going to be manipulated. Simultaneously to theses label the same thing is done in an agenda 
to keep track of when each of the samples were filled.  
Example: TE 02 (D) / TE 02 (E) / TE 02 (F) 
A, B, C (Aerial Hardening) 
D, E, F (Carbonated Hardening) 
G, H, I (Humidity Hardening, Bagged) 
  ARID 
LIME 
(Cao) 
WATER 
(H2O) 
GC 01 0.2 liter 0.2 liter 0.208 liter 
GC 04 0.2 liter 0.2 liter 0.165 liter 
GC 06 0.2 liter 0.2 liter 0.217 liter 
TE 02 0.2 liter 0.2 liter 0.272 liter 
TE 06 0.2 liter 0.2 liter 0.217 liter 
TE 08 0.2 liter 0.2 liter 0.199 liter 
Sample 0.2 liter 0.2 liter 0.111 liter 
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2.13.4 Making the Samples 
In order to make all the sample the correct way and trying to get the most of the arid, all the dough done 
to fill each of the molds were followed by the steps written in the UNE-EN2 (21), which regulates samples 
fabrication. As told before we already knew the amount of arid and aerial lime we were utilizing to make 
the samples so the cue was in playing with the water to get the consistency required of 15 cm. this 
consistency permits a good workable dough so we could easily fill all the molds required. So in conclusion 
the perfect consistency we were looking forward to get was 150 mm +- 2mm after punched in the table 
of shakes.  
After we made these clarification and knowing that the molds that the university has comes in the format 
of (40 mm x 40 mm x 160 mm) normalized. And each molds produces three rectangular shapes that are 
the ones going to be used for the test. 
Kneading 
The kneading of the dough was done by hands in order to get all the grains well incorporate before 
we get to use it. The process was actually very clear.  
1. Have all the ingredients we were going to be needing at hand, so once the 
dough begin the process of dryness, we will be done already. 
2. Clean the molds that are going to be used to pour the dough we are going to 
be making. (Previously cleaned and with the proper amount of grease to avoid 
the sticking of the dough in the molds. 
3. In a recipient that we are sure that all the ingredients could fit in, we pour the 
two dry ingredients and get a thin dust. 
4. To this thin dust we were adding little amount of water actually the doses was 
25 gr of water per each checkup. 
15 Molds 17 Identifiction Example 16 NoteBook 
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5. Make a uniform dough until we see no raw material left and we have a very 
workable dough. (That is going to be confirmed after).  
6. After the operator thinks he has reached the desired consistency, proceed to 
the shaken table.  
7. Verify the desired consistency, if you reach the desired one go to next step if 
not go to step number 4 and repeat until you get the desired one. (If the 
dough is giving a number less than the one you are looking for, otherwise you 
shall begin again). 
8. Pour immediately the dough to the molds before the dryness process begins. 
9. It is not going to be able to fill the molds in its full capacity without vibrating 
the molds so the process was to apply 25 shakes to the molds so the dough fil 
all the holes completely. 
This procedure was done to each one of the arid every time we needed to fill the molds, always making 
sure that we wash all the instruments in between each dough we were making and also dry the 
instruments so the water was only provided from the one the operator has measured. After the dough 
passes thru the desired consistency it is poured without losing any time in the molds, until they actually 
get dry enough to get outside of the molds. 
 
 
 
2.13.5 Unmolding Process of the Samples 
A weird situation occurred to this samples, due to the lack of information that we have of how the arid is 
going to be behaving up front the union with the aerial lime and also the water, and also knowing that in 
referral to the aerial lime this one take such a bit more of time to get dry. The unmolding process was 
done verifying on a daily basis the condition of the samples. The next chart tells the amount of hours taken 
in order to make the unmolded process completed.  
19 Filling the Samples 18 Cleaning After Filling 20 weighting the material 
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  A B C D E F G H I 
GC 01 48 hours 48 Hours  48 Hours 48 hours 48 Hours  48 Hours 72 hours 72 hours  72 hours  
GC 04 48 hours  48 Hours  48 Hours 48 hours  48 Hours  48 Hours 72 hours  72 hours  72 hours  
GC 06 96 hours 96 hours 96 hours 96 hours 96 hours 96 hours 168 hours  168 hours  168 hours  
TE 02 96 hours  96 hours  96 hours 96 hours  96 hours  96 hours 96 hours  96 hours  96 hours 
TE 06 48 hours 48hours  48 hours 48 hours 48hours  48 hours 72 hours  72 hours  72 hours  
TE 08 48 hours 48 Hours  48 Hours 48 hours 48 Hours  48 Hours 72 hours  72 hours  72 hours  
Blanca 24 hours  24 hours 24 hours 24 hours  24 hours 24 hours 24 hours  24 hours 24 hours 
 
Each sample took 28 days before any type of test were realized in them, but the samples were monitored 
in a daily basis personal by the operator who did them, the only days due to the working hours of the 
university that the samples were alone were on weekends meaning Saturday and Sunday. Each one of the 
samples from the first day until the day they were taken to the test or broken were weighted on the daily 
basis to see the behavior in weight that they were presenting, also each aerial ambience samples were 
splashed with normal water from the fountain, to cure them. These process was done to the two 
ambience we were working with the exception of ambience C which were constantly in high humidity 
ambience, and for the carbonated ones that as soon they gain the 21 day they got to the chamber and we 
stopped splashing water on them. 
 
2.13.6 Artificial Aging of the samples by Accelerated carbonation 
Carbonation process takes a bit too much to complete, and is well known that every one of the materials 
we create are going to be exposed to this Gas (Co2) we actually didn’t want to pass on this experiment, to 
actually see difference in a sample with CO2 has affected her. Is also well known that this process 
depending on the material and the thickness of the material takes different time to complete, our sample 
has 40 mm of thickness which for a mortar is pretty big. So in order to complete this process naturally our 
sample would need several month or maybe in sometimes years, that is why we incorporated the usage 
of the chamber or carbonation which as we explained early injects dry Co2, on a daily basis to the chamber, 
making them completely exposed to this and reacting in faster time.  
The Co2 chamber is a completely sealed box of 100 cm x 70 cm x 45 cm, which has different floors inside 
of it a glass door and a couple of holes which are utilized to control the airflow in the chamber. To the IN 
hole in the chamber is connected a cylinder with pressurized Dry Gas which by a manually manifold inserts 
Co2 into the chamber. Inside of the chamber we also have two different gauges which are going to be 
constantly ready the amount of Co2, temperature and humidity inside of the chamber.  
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When you make the calcium hydroxide react to the Co2 in the chamber this reaction releases a huge 
amount of water inside the chamber, this water in combination with the humidity of the chamber 
produces condensation inside of it and this situation is not what we want, that is why a tray with silica salt 
(previously dried in the oven for 1 day at 100 Celsius until it turns blue), what this salt does inside is that 
it take a huge amount of this water and retain it in her, this is to try and reduce to the minimum the 
variation humidity when you introduce fresh samples into the chamber. 
Once you have all the samples inside of the chamber, the silica salt, the two devices to measure humidity 
and temperature inside you close the door by switching the handle from upper position to horizontal 
position, and with the manifold introduces Co2 until you reach the 10% in ppm. this situation of 100.000 
ppm has to be treated with careful because the normal range in between the normal air has Co2 on it is in 
the range of 300 – 350 ppm what it means that we are actually allowing a 28500% into the chamber, 
meaning that to reopen the chamber first you have to waste the excess of Co2 before handling the 
chamber. The sample are going to be receiving the Co2 for 7 days and every day the  chamber will be 
refreshed with fresh air and reintroduced the 10% of Co2. 
 
 
 
 
 
 
 
22 Carbonation chamber 21 Thermometer 23Co2 measurement device 
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2.14 TEST DONE TO HARDENED MORTAR 
 
2.14.1 Flexural Strength 
This is a technical mechanical test to determine the resistance of a material or in fact the deformation 
that it allows in front of flexion, in this test what you determine is the curve of load displacement, 
measuring the displacement and the amount of load applied to a material which is bending and receiving 
this load before it cracks. UNE EN 1015-11. 
The flexural test done to the samples 
was followed as written in the UNE-En 
1015-11. In order to perform this test 
you need to have a press, like the one 
shown in the picture above. In our 
case we have the Wykeham Farrance 
press. In addition to control the 
amount of load applying to the sample 
is a cell of loads which understands 
the loads as number to make them 
readable to us (500 kg max load 
applicable to this cell). The sample as 
shown in the picture is placed in the 
machine in 1/3 from the right in one 
of the docks and 1/3 from the left in 
the other dock leaving a distance of 
100 mm in between the two hooks the 
machine has, making sure that the 
center is where the tip of the load will press. Placing the computer at a velocity of 1 mm / m, and applying 
the load until you see that the number freezes, this means that the sample has been broken and there is 
no more continuity of material in it. Then proceed to write down the number you will get. After writing 
down the number you receive from the machine you need to convert them into a unit you are to work 
with in our case we did the conversion into MpA (Mega Pascal).  
2.14.2 Compressive Strength 
This is a technical mechanical test to determine the resistance of a material or in fact the deformation that it 
allows in front of compression. In most cases this types of process is done in mortars, metals, concrete. But it could 
be done in any type of material. UNE EN 1015-11 
In this test we are performing the same steps and the materials as the flexural test, the only difference in 
between is the machine we are using that instead of applying load with a metal tip the load is applied in 
between two metal plain surface of 40 x 40 millimeters until the continuity is broken in the sample which 
is when the cell recognizes the sample has gotten to the limit. Speed we are going to be using is 1 mm /m. 
24Applying Load to the Samples to 
brake by flexural strength 
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this information is also given to us by the machine in kilograms so we have to apply a formula to convert 
them into a unit that is workable.  
 
 
 
 
 
 
 
 
 
 
 
 
2.14.3 Dynamic Elasticity Modulus Determination 
a) By Sound Waves Impact 
This is a nondestructive test which is done to determine the Elasticity Modulus of the hardened mortar 
by emitting waves thru the body of the samples and receiving the information to the computer, this waves 
are created thru a punch given to the sample. You need several things in order to complete this test and 
obtain the results for it. 
The first step you need to do to perform this process is to get the samples dry enough until you weight 
them two times in an interval of 12 hours and obtain the same weight (by introducing the samples in an 
oven), when you get this weight two times in a row it tells you that all retained water in the sample is 
25 Applying load to the sample 
compression test 
28 Section of a Sample before 
Compression 
28 Samples After Flexural Strength 28 Samples After Compression Test 
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drained, and the sample is completely dry. In order to get the sample to this stage we putted two days in 
a row in the oven which is constantly at 80 degrees Celsius. Also you will need a computer with the 
program called FFT Analyzer, a microphone to receive the sound, a hammer and two foam triangles which 
are the support of the sample and are also normalized with a 35kg/m3 of density, avoiding it foam 
touching the table and a loss of the vibration we are looking for. A caliper with a precision of three 
decimals is also important to get the measurements of the samples before you begin the test. And last 
but not least you are needing the excel sheet which is going to be provided by the EPSEB. This process has 
been mastered by the Professor of the School and the director of this thesis Joan Ramon Rosell. Also it’s 
been certified the process by following the mandatory steps which are written in the UNE-EN 14146. 
Operatory Process 
1. Get the computer on and with the microphone connected, the program FFT Analyzer open 
and test to see if the microphone is receiving signal. 
2. Weight the samples 
3. Take the sample you are going to be testing and with the caliper take all the measurements 
that the excel sheet need. The four heights, the four lengths, the four widths and write all this 
information down. 
4. The two foam triangles we have are going be displaced in the table to a distance that is going 
to be the length of the 1/3 from the right and 1/3 from the left of the sample. This will assure 
the minimum loss of vibration for the sample 
5. Take the hammer and with the sample on top of the foam and in an environment which the 
noise is not a problem you proceed to punch the sample several times (if you hit the sample 
and the value are not in the same range then the sample is wet yet, it doesn’t matter the 
amount of strength you apply to the sample the number has to be the same). The programs 
allow you to input five numbers. This number that we are inputting are the resonance 
frequency. 
All the data that we have introduced in the computer is going to be in charge of giving the results we are 
looking for in the test.  
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b) By Ultrasonic Propagation Speed 
Another method to determine the Elasticity Dinamic Modulus is by Ultrasonic, simply applying waves thru 
point A to Point B thru the sample you are making the test. This test is done also to the sample to compare 
results and to make sure that the process in both of them was correctly done.  
You have to know that this test is also done to the sample once the mortar is completely hard, the sample 
has to be dry meaning that when you weight the sample in two consecutive days and you have the same 
number then the sample is dry, and you are able to work with it. 
For this type of the test you need a little portable computer which is attached to two cells which one 
produce a little sound and the second one receive this signal, the time which it takes to this sound to 
travel in between them is measured in microseconds and is the number that we are writing down to 
further studies.  
The correct process to make this test is as follow: 
1. Have the computer set in the program that will allow you to make the reading. 
2. Place the same two triangle foam stick in the table at the same distance of 1/3 from the right 
and 1/3 from the left, to have the correct reading and place the sample on top of it 
3. Before placing the cells in anything take the calibration bar which comes normalized, and 
measure that stick to make sure that the computer is calibrated.  
4. Apply gel which comes in the package to the ends of the cells so you have a most distributed 
surface over the cell and that ways to avoid any bad reading. 
5. Then proceed to put one of the cell in one side of the sample and the other cell in the opposite 
side. The computer should give a reading and you will write it down. 
If you take a look in this test you will see that you have a couple of information that you have been 
gathering thru the test, in order to get the results of the test you will need to combine them and follow a 
formula which is going to be determining the Elasticity Modulus. 
31 Oven 31 Normalised Hammer 31 FFt Analyser 
UNIVERSIDAD POLITECNICA DE CATALUNYA (UPC) 
ESCUELA POLITECNICA SUPERIOR DE EDIFICACION DE BARCELONA (EPSEB)  
 
“CHARACTERIZATION OF AERIAL LIME BASE MORTARS WITH VOLCANIC AGGREGATES” 
ARQ. JOSE MANUEL MARIÑEZ VELOZ  
Page | 43 
2.14.4 Bulk and relative density, porosity index 
Density in a mortar is directly correlated to the components it has in it, as well as its air content. The 
density to the fresh mortar is determined by the UNE 1015-6. But the one we are going to be determined 
is density in the dry stage. As we know the grain and the volume that this grain occupies in the mortar, 
the relation between water and cement all this values will affect density in the mortar. 
A condition that the mortar should accomplish when you normalized and try to be included in a catalog is 
to be workable. If you add to a little amount of water to a huge proportion of lime the hydration process 
will begin but you won’t be able to use it so this is a waste. That is why the correct proportion is a must in 
the characterization of the mortars.  
To make this test is a must to have certain materials. The first one that you should have to perform the 
density is an oven with gradual temperature. Another one is a vaccum bell with a water disposal, vacuum 
pump, a bascule with a 0.01 g of precision, and a hydrostatic weighing and distilled water (this water to 
avoid the lixiviation process in the samples) this way we make sure that all samples remain as one piece. 
To maintain the Ph in between 12-13 
There is a process normalized in UNE-EN 1015-10, we followed the process with a couple of variations 
done to improve the test, this improvements were suggestions by the tutor and the practical employee 
of the laboratory of materials in EPSEB.  
The following process was followed to perform the test into the samples we have: 
1. First we take the samples and let them spend two days drying in the oven and 
weighing them with 12 hrs in between them when the weight is constant then we 
know we could work with them 
2. Write down the weight measurements of the sample. And put them inside of the 
vaccum bell very organized. Because we introduced several samples to reduce the 
waste and earn some time.  
3. Adjust all the sealing of the vase and star the vacuum pump to begin sucking out all 
the air inside of the vase and also y the pores of the samples inside, this process will 
take 2 hours. 
34Moe Machine 34Machine Cells 34 Normalised elements 
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4. After the couple of hours next step is to open the valve to let the water get into the 
vase always making sure that the sample are completely immersed in the water 
approximately 15 mm above, this water should enter in the vase at a slow piece and 
should never touch the drop the samples. 
5. After the water is completely o the top you start the count once again and let two 
hours going with the vacuum. After the two hours have concluded with the vacuum 
on, turn the vacuum off and without opening the vase turn of the vacuum pump. This 
will actually remove all the air that is occluded in the web of pores that the sample 
has (the reachable ones). And fill them with water.  
6. Take the hydrostatic bascule and place it near the base and proceed to weight first 
the samples in this bascule and write it down. 
7. Proceed to normally with a normal bascule weight the samples once again to 
complete the data acquirement. 
8. With the data you have in this steps the following process is to follow the formula and 
get the apparent and relative density.  
2.14.5 Carbonate Resistance  
To determine the rate of carbonation of mortar, according to UNE EN 
13295 applies a reagent called phenolphthalein, which reacts contact if 
the sample has a pH> 8, and therefore the sample is not carbonated. Thus 
you can determine which carbonation depth has reached the study sample 
in a given time. 
Time was a key element in the path in this thesis, because of theses several 
things that were requested weren’t able to be done, but we assure that 
the test done in this project were done following all the correct and 
mandatory steps to get trustfully results 
 
36 Vaccum Chamber 36 Hidrostatic Weight Machine 
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2.14.6 Time Planning  
The complete setup of the project is impossible to make a quantification of the hours we need to make 
it happen, but even though we know this we need to have certain dates in the planning so everything 
works. Due to the planning and requirements of the samples we know that 21 and 28 days after they are 
molded we need to make the test because of the codes, so our planning was done being carefully that 
these days were not in holidays or weekends. 
If we went ahead and add up all the hours we spend in the laboratory to the one we did planning the 
test and then gathering the information and putting them in the paper we dedicated 8 hrs on a daily 
basis to make this work possible.  
The schedule was as following: 
Month 1: Preparing all the materials and verifying everything is ready to be used, 
obtaining the knowledge in order to perform the arid, and got to know about the arid.  
Month 2 and 3: Preparing the sample and making the test in order to get the results. 
Month 4: preparing the written document. 
 
 
 
 
37 Ambience of labor 
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3.1 INTRODUCTION 
in this chapter of the thesis we are going to be explaining the results we obtained in the test that were realized to 
one and each of the different aggregates we used to make the mortars of this project.With the implementation 
of the three ambience we are trying to verify the hypothesis in which we are going to be making emphasis 
in the thesis. We know that due to the process in which the mortars are involved will directly affect its 
mechanical performance. If this is correct and knowing the process in which the aerial lime releases water 
and takes CO2 in order to get hard, and knowing that we introduced arid which its composition are high 
in silicates and aluminates, we could say that the results we are expecting to be are the following: 
Humidity Hardening (Scomp, 28 days) > Carbonating Hardening (Scomp, 28 days) > Aerial Hardening (Scomp, 28 
days) 
This hypothesis due to the presence or the absence of Co2 knowing that in an ambience, the lower the 
CO2 the greater the Mechanical Benefits. If this situation is true then the Flexural Strength should be as 
following. 
Humidity Hardening (SFlex, 28 days) > Carbonating Hardening (SFlex, 28 days) > Aerial Hardening (SFlex, 28 
days). 
3.2 TOTAL AMOUNT OF ARID THAT WE RECEIVED FROM THE GEOLOGIST 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SUMATORIAS DE MUESTRAS SIMILARES 
1 TE 01 10080.24 G 
2 GC 02 6887.52 G 
3 GC 03 8186.89 G 
4 TE 02 4417.74 G 
5 TE 09 4038.11 G 
6 TE 05 218.44 G 
7 TE 06 4327.28 G 
8 TE 03 2434.09 G 
9 GC 06 5159.6 G 
10 TE 08 6883.37 G 
11 GC 04 8331.91 G 
12 GC 05 3557.63 G 
13 GC 01 6097.1 G 
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3.3 GRANULOMERE TEST 
As we know we have two main different types of arid Gran Canarias and Tenerife and the granulomere test was 
done that way also so it would be more understandable. When making this process of the granulomere test we make 
sure that every piece of arid utilized was from the complete sample, meaning that before we take the 2 kgs of sample 
to make the test we unified all the samples we have without the big rocks that exceed more than 5 cms, doing this 
will assure to get a more trustworthy information about the arid by getting a sample that hasn’t been manipulated.   
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Comparison chart in between al the arid we received from TENERIFE in the chart, then we took away the 
arid we were not going to use and got the chart with only the arid were going to be used. We see that 
these three arid have very similar behavior comparing them granulomere test with Fuller. 
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Comparison chart in between al the arid we received from TENERIFE in the chart, then we took away the 
arid we were not going to use and got the chart with only the arid were going to be used. We see that 
these three arid have very similar behavior comparing them granulomere test with Fuller. 
3.4 FRESH MORTAR 
 
3.4.1 Mixing Water & Consistency 
Mixing Water 
  Lime Arid Water 
GC 01 200.00 gr 200.00 gr 208.04 gr 
GC 04 200.00 gr 200.00 gr 165.30 gr  
GC 06 200.00 gr 200.00 gr 272.30 gr 
TE 08 200.00 gr 200.00 gr 290.75 gr 
TE 02  200.00 gr 200.00 gr 272.30 gr 
TE 06 200.00 gr 200.00 gr 217.80 gr 
Pilot 
Samples 
200.00 gr 200.00 gr 111.26 gr 
 
 
 
 
 
 
 
 
 
 
 
Even though we used the same type of aerial lime for one and each of the mortars each one behaved a 
different way, this because a couple of factors we have being visualizing during the whole process. 
Remembering we are working with the same consistency 15 cms, we could observe that the variation of 
water basically maintained the same in 5 of the 6 samples. We know that in the dry process aerial lime 
releases a lot more water than hydraulic lime that is why you see that the Pilot Samples used the less 
mount of water as expected.  
One of the situation that we took as an advantage in this process was making the dough with the hands. 
By doing this we were seeing perhaps little clues on about how the mortars were going to behave. From 
all the mortars prepared there is only one that we are going to be giving detail in this paragraph. TE 02 
208.04gr
165.30 gr
272.30gr
290.75gr
272.30gr
217.80gr
111.26gr
GC 01 GC 04 GC 06 TE 08 TE 02 TE 06 Pilot
Samples
mixing water
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from the beginning this mortar was behaving different from the other ones, the dough felt a little bit to 
saggy and loose and was very hard to handle, we even did a couple of batter of this mortar in order to 
verify that everything was done correctly. Time in dryness was also compromised because even though 
we filled the samples in the same day this was taking a little bit more time in order to be dry enough to 
be removed from the mold. , there were situation in which the batter was already in a perfect workability 
stage but the consistency wasn’t still the one we actually needed. 
3.5 HARDENED MORTAR 
The different situations we encounter in the path of making the work were countless that is why we were 
very delicate in the realization of every single of the samples, the next chart explains the results we got 
after doing the different test to each mortar, remembering that the same process was done three time to 
every one of the samples so the values we obtain we first make sure that they look pretty similar between 
them and they we calculate the average in between them. Radical number in the test were disposed and 
done again the test to make sure the test was done correctly and the error probability stays at the 
minimum.  
 
Test Ambience TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 BLANCA 
Compression 
Strength (Mpa) 
A. Aerial  1.18 1.69 1.06 1.81 0.40 0.30 2.82 
Carbonate A.  3.36 2.32 0.60 2.38 2.47 0.74 24.54 
Bagged  0.52 1.65 1.83 2.30 0.23 0.27 4.64 
Flexural Strength 
(Mpa) 
A. Aerial  0.37 0.25 0.11 0.33 0.33 0.14 1.07 
Carbonate A.  0.48 0.35 0.18 0.38 0.77 0.13 4.07 
Bagged  0.12 0.22 0.21 0.29 0.17 0.19 1.10 
Porosity (%) 
A. Aerial  52.10 52.90 N/A 56.60 49.70 46.20 38.50 
Carbonate A.  51.80 55.20 N/A 55.90 49.10 53.21 31.70 
Bagged  52.70 51.80 N/A 56.60 58.50 60.90 42.90 
MOE imp (Mpa) 
A. Aerial  1211.70 399.70 316.30 394.00 795.30 65.30 1335.00 
Carbonate A.  1345.70 535.70 295.00 539.30 2387.00 104.00 9346.30 
Bagged  458.00 154.70 171.70 428.70 515.70 490.30 3033.30 
MOE us (Mpa) 
A. Aerial  53.70 34.30 N/A 54.70 29.00 0.00 1080.70 
Carbonate A.  1080.30 48.00 N/A 42.00 2148.00 0.00 8469.70 
Bagged  132.70 17.00 N/A 205.30 608.70 0.00 2321.30 
Aparent Density 
gr/cm3 
A. Aerial  1.17 1.10 N/A 1.00 1.18 1.08 1.57 
Carbonate A.  1.22 0.94 N/A 1.08 1.28 1.02 1.74 
Bagged  1.15 1.31 N/A 0.97 0.98 0.94 1.48 
Relative Density 
gr/cm3 
A. Aerial  2.45 2.36 N/A 2.33 2.35 2.02 2.56 
Carbonate A.  2.53 2.19 N/A 2.44 2.51 2.95 2.54 
Bagged  2.43 2.70 N/A 2.26 2.43 2.42 2.59 
XRF (%) 
SiO2+Al2O3 73.08 74.44 72.18 74.08 82.65 77.43 N/A 
LOI 6.7 7.5 11.6 8.6 0.68 10.5 N/A 
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3.5.1 Elasticity Dynamic Modulus 
In the next tables we have the results about the two methods applied to get Young Modulus, ultrasound 
and impact to the samples, in the longitudinal side of it. The average of the three samples is the results 
we are showing over here verifying the situation occurring in each of the ambience we are testing. Doing 
the MOEus we actually encountered some situation in the making of the test, this situation was reflected 
in the results. Value with the sign N/A means that the samples in this aspects didn’t show any type of 
results.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Aerial 
Ambience   
  Carbonation Chamber 
  Bagged Ambience 
0
500
1000
1500
2000
2500
3000
3500
4000
TE 08 TE 06 TE 02 GC 01 GC 04 GC 06 BLANCA
M
P
a
MOEUS
A. Aerial Carbonate A. Bagged
0
200
400
600
800
1000
1200
1400
1600
1800
2000
TE 08 TE 06 TE 02 GC 01 GC 04 GC 06 BLANCA
M
P
a
MOEimp
A. Aerial Carbonate A. Bagged
Due to the big gap in 
between the numbers 
the bars that reach 
the top they continue 
UNIVERSIDAD POLITECNICA DE CATALUNYA (UPC) 
ESCUELA POLITECNICA SUPERIOR DE EDIFICACION DE BARCELONA (EPSEB)  
 
“CHARACTERIZATION OF AERIAL LIME BASE MORTARS WITH VOLCANIC AGGREGATES” 
ARQ. JOSE MANUEL MARIÑEZ VELOZ  
Page | 53 
In the charts we have above we are able to see the results we got from each of the MOE test. We are able 
to see that in that impact MOE the results are easier to compare in between them because of the 
information we got we could appreciate that the behavior of the modulus in referral of the ambience is 
not quite very strong, due to this inconvenient we wanted to verify if comparing them in between 
ambience could more suitable to the purpose of the conclusions. In the MoEus we could see that the 
behavior in between the three ambience was much normalized and the variance in between them is not 
that much. In the chart we have below we got the comparison done by ambience, but it sure that the 
relation we have in them is not a parameter to compare. We could see that even though the number were 
completely different in between the three ambience and also in between the two types of MOE’s they 
actually maintained in the same average when doing the test.  
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TE 08: with the help of this two charts that we have provided to understand better the behavior 
of this mortar we could verify and certify that is the most flexible of the other is this one in which we could 
say that the average flexibility of this mortar is 399.30 if we combine thru the three ambience we studied 
but if we go ahead and combine it thru the ambience we will get: 
Having this mortar an overall number of 399.34 we catalog this material as very flexible a factor that we 
could say will condition its flexural and compression strength.  
TE 06: looking the charts we have above we could see that these mortar has a more normalized 
chart. The three ambient in this mortar are pretty much I the sample universe of development, having a 
more adequate mortar to be worked with in every ambient of work.  
TE 02: this mortar didn’t threw any data. 
GC 01: this is the second more rigid mortar from the one we analyzed in the thesis. In this mortar 
a different situation happened with the samples in the carbonate chamber because this was the only 
mortar who actually threw a higher number in this ambience than the other 5. CO2 affected this mortar 
in a different way than it affects the other samples.  
GC 04: coming from throwing the highest numbers in the first ambient it takes down deep to the 
bottom of the pool with the lower numbers as soon as we entered this mortar to the chamber, this two 
number could be associated with the use of the material meaning that this mortar in the laboratory could 
be perfect but as soon s you used in a work ambience and its hitted with co2 is going to lose a couple of 
its characteristic and could harm the project. We are talking about a mortar that goes from flexible to a 
very rigid mortar, two characteristic that are completely opposed.  
GC 06: this mortar didn’t threw any data 
Blanca: this sample was the different sample done with hydraulic lime and the sample done to 
compare the test we did to the other samples. Number thrown by this samples were the most little ones 
as it’s supposed to be in a mortar a very plastic and flexible paste, capable of deforming and acquire its 
original form. Remembering that this sample is the one who actually utilized hydraulic lime instead of 
aerial lime.  
Now we are making the same interpretation with the different results we got from the test done 
by the MoE imp FFT analyzer in the computer. 
This number obtain over here after performing the Moe in the longitudinal way of the sample does not 
have any relevance with the earlier ones is why we decide to talk about them in separate, if you compare 
the graphics that we had before all the mortars have changed the position as we are going to be explaining 
now with the charts corresponding to this part of the test. A positive thing that we have to mention is that 
the values we are obtaining In the results even though they are very different they actually very near In 
between them so this is a factor to consider in about. 
TE 08: this mortar throw to us values that tells us that the rigid of the mortar has changed, a good 
information to take note in this test is that even that we have this number proportionally bigger in this 
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test the tendency remains the say, of being the mortars affected with the Co2 had a tendency to reduce 
its flexibility. 
TE 06: behavior in this mortar is quite linear looking that the three types of ambiences in which 
we analyzed the samples were pretty much the same and also giving us a very flexural mortar in the 
population we analyzed. The results we obtained in the samples we wrapped in the bag to get a very high 
in humidity ambience in both of the test were pretty much the same, or very near in value.  
TE 02: pretty much the most normalized of all the population of the mortars located in Tenerife 
that were analyzed with this method and pretty much the most flexural and with the lower elasticity 
module of this set of samples. In the three ambiences used for the project this mortar was behaving pretty 
much the same in this test and the ambience didn’t affected the resultant in the mortar. 
GC 01: this mortar is the one who behave the same in the three ambience we putted the samples 
and its values suggest to be the most flexible from the population analyzed and to be a very flexible 
mortar.  
GC 04: behavior in this mortar is very drastic the change because it begins in a range, but all of 
the sudden as soon as you compared it to a different ambience you see that the mortar changes as we 
could see in the chart.  
GC 06: the next mortar maintain similitude in the different ambience also throws values that put 
itself in the lower part of the chart, meaning the mortar has a very low elasticity modulus and for a fact is 
a non-rigid mortar.  
Blanca: difference in this sample that should give us the results the same in both of the test, is 
that they are very different but in this part of the test this values actually vary very much in comparison 
with the one performs by the ultrasound machine connected to the cells.  
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3.5.2 Porosity 
Test Ambience TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 BLANCA 
Porosity (%) 
A. Aerial  52.10 52.90 N/A 56.60 49.70 46.20 38.50 
Carbonate A.  51.80 55.20 N/A 55.90 49.10 53.21 31.70 
Bagged  52.70 51.80 N/A 56.60 58.50 60.90 42.90 
Results obtained in the porosity test are expressing as we know that the proportion used in the mortar 
are as we explained 1 to 1, all of the samples are presenting porosity levels of around 50%, which actually 
gives us enough information to tell that the use of a volcanic arid in this proportion of 1 : 1 will actually 
make the mortar inherit this characteristics of the pumice rock of being a very porous mixture, that will 
affect the mechanical resistance of the samples.  
 
3.5.3 Bulk & Apparent Density 
Test Ambience TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 BLANCA 
Aparent Density 
gr/cm3 
A. Aerial  1.17 1.10 N/A 1.00 1.18 1.08 1.57 
Carbonate A.  1.22 0.94 N/A 1.08 1.28 1.02 1.74 
Bagged  1.15 1.31 N/A 0.97 0.98 0.94 1.48 
Relative Density 
gr/cm3 
A. Aerial  2.45 2.36 N/A 2.33 2.35 2.02 2.56 
Carbonate A.  2.53 2.19 N/A 2.44 2.51 2.95 2.54 
Bagged  2.43 2.70 N/A 2.26 2.43 2.42 2.59 
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Relative density is obtained by subtracting the volume of the pore web on the mortar, which is going to 
give us the pore percentage the mortar has. Due that the relative density is referred to the material 
without the pore and compacted, this value will always be bigger than the apparent one. 
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3.5.4 Flexural Strength (Sflez) 
Test Ambience TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 BLANCA 
Flexural Strength 
(Mpa) 
A. Aerial  0.37 0.25 0.11 0.33 0.33 0.14 1.07 
Carbonate A.  0.48 0.35 0.18 0.38 0.77 0.13 4.07 
Bagged  0.12 0.22 0.21 0.29 0.17 0.19 1.10 
 
Above we could see the results of the flexural strength test done to the mortars. Results for mechanical 
resistance in a mortar goes directly linked with certain characteristics that could make this benefits to 
increase or to decrease. The type of arid we are using is a volcanic arid, meaning this that its main 
characteristic in it is that it is formed from the pumice stone which is basically filled with big pores with 
air in its inside, second factor is that we used aerial lime. This lime comparing it to cement or even to 
hydraulic lime as we used it in the pilot samples is going to be placed in third place in mechanical benefits 
even though in other aspects could change this standard. Working with a 1 to 1 mixture in weight dictate 
to us that our sample were going to be giving us exaggerated high levels in mechanical benefits but this 
actually didn’t happened, so we have the question. What happened? We were in the urge of making the 
comparison in between flexural strength and the porosity to see if this was the determinate factor that 
gave us this ridiculous very little resistance in our test. 
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Values of the R2 actually tells us about how much related are this two subjects we are comparing, knowing 
this we could see that in the carbonate ambience the situation was pretty much due to the porosity of the 
stone but we are able to see that in aerial ambience and also in the bagged ambience the situation is not 
quite the same, but they have number that they seem to be increasing, and this is happening particularly 
to this two ambience. 
3.5.5 Compression Strength (Scomp) 
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Test Ambience TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 BLANCA 
Compression 
Strength (Mpa) 
A. Aerial  1.18 1.69 1.06 1.81 0.40 0.30 2.82 
Carbonate A.  3.36 2.32 0.60 2.38 2.47 0.74 24.54 
Bagged  0.52 1.65 1.83 2.30 0.23 0.27 4.64 
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Results obtained in compression strength are very similar in proportion to the flexural test. At first sight 
we see that none of the arid we used to make the mortars achieve the minimum requirement of 3, 5 Mpa 
but if we put aside this number and focus on other aspects we could see that the carbonate chamber 
ambience have a tendency as we also saw in the flexural strength test to be the one with the highest 
levels, even though we weren’t actually expecting this results due to pozzolanic behavior of the 
aggregates. Once again remembering that the proportion we used of arid lime was 1 to 1 and the presence 
of pumice stone in the mortar and also the incorporation of aerial lime is affecting the mortars.  
 
Making a comparison chart in between the two factor that we could assure are the linkage in between 
the results we are getting we could say that our hypothesis of porosity being the responsible for the results 
we are getting could not be a determinant factor in it. Not having correlation in between them guarantee 
this situation.  
 
Next to values we are comparing are the two mechanical resistance we tested Flexural and Compression 
making comparison in between them to see if there is a variation in our hypothesis. As we discussed earlier 
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in the thesis we said that values in the two Mechanical Benefits of the mortar should be proportional (if 
one of them goes up the other one should go up) this hypothesis actually is proved with the correlation 
of them two as we should in the chart, having the values of R2, pretty much really close to be one in the 
carbonate chamber followed by the Bagged Ambience and then with the aerial ambience. Having the 
same tendency that all the test are showing to us.  
 
Chart we have here it’s a comparison in between compression strength and the Fluorescence X-Ray, to 
see if our hypothesis was correct. From these chart we could say that, clearly in the carbonated ambience 
due to the time of breakage of the samples are the one that present the bigger mechanical benefits.  
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4.0(Conclusion) 
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4.0 CONCLUSION 
Being able to accomplish the process regardless of the results of the test was the first satisfactory 
conclusion, the correct procedure application in each one of the experiments done. Finishing the complete 
work in the very short time that it was another positive conclusion we have to write it down. Experimental 
campaign was satisfactory and accomplished completely the way it was described inside the lapse we 
designed we were going to be adjusting to.  
Two main types of conclusions we were able to get in the progress of the work, the first type being 
conclusion obtained by the manipulation of these aggregates and the other one are the actual test results 
that could and may vary in between both hypothesis.  
At the beginning of the job, we wrote the following hypothesis {The bigger the amount of CO2 we have in 
an arid the faster is going to be hardening and the lower Mechanical Benefits are going to be obtaining.} 
after reading this and knowing how the hardening process of the pozzolanics works and also after analysis 
all the results we have in the wok we got the hypothesis 50% correct and 50% incorrect. Maybe the most 
fundamental situation that actually gave us the bigger amount of results was the realization of three 
ambience, this three ambiences (Aerial, Carbonated, Bagged) were the one who really gave us the 
information to support the results. We know that in an environment without Co2 and in the presence of a 
pozzolanic reaction as we had we have to obtain bigger Mechanical Resistance than if you leave a mortar 
drying in presence of Co2, but in one and each of the test we done we actually saw that the comparison 
of results was as following: 
A) Carbonate Ambience 
B) Bagged Ambience 
C) Aerial Ambience 
This are the place that every time we interpreted the results we were obtaining. After verifying that all 
the process was the correct and also the procedure implemented was the correct and done correctly also, 
there is a factor that we never contemplated, TIME. The time was a key factor in our samples because if 
our hypothesis is true and we make the same test to the samples in a couple of month or even a couple 
of years later the information should vary in order. There are a couple of factors that actually guarantee 
this hypothesis, pozzolanic process of hardening is one and also the utilization of aerial lime is another 
key aspect and last but not least we were reading that the actual presence of the CO2 in a mortar 
stimulates the interaction in between the arid, mortar and water to make this process even more faster 
but not efficient, so even though we had this results right now we could that doing the breakage of the 
sample in a couple of month later would be satisfactory in the bagged environment and would actually 
move the place to make them as following: 
A) Bagged Ambience 
B) Aerial Ambience 
C) Aerial Ambience 
None of the mortars created in the laboratory were actually satisfactory in obtaining the minimum 
requirements to be normalized by the UNE CODE, but perhaps this is not the most important information 
we could get thru the process of this project. Conclusions like that porosity in the arid is directly 
transmitted to the mortar could actually give us a relation of the implementation of a pumice stone in a 
mortar. The actual characteristic of this stones couldn’t be used as a structural mortar or cement, but due 
to its flexibility and to the amount of pores we actually found in its pore web we could suggest this mortars 
to be used as stucco though.  
UNIVERSIDAD POLITECNICA DE CATALUNYA (UPC) 
ESCUELA POLITECNICA SUPERIOR DE EDIFICACION DE BARCELONA (EPSEB)  
 
“CHARACTERIZATION OF AERIAL LIME BASE MORTARS WITH VOLCANIC AGGREGATES” 
ARQ. JOSE MANUEL MARIÑEZ VELOZ  
Page | 64 
A personal recommendation we have about this aggregates is to go ahead and make the samples with an 
experimental campaign with a bigger time of approach trying to fit in schedule a couple of breakage in 
less than 28 days and also in a number bigger that 28 days, letting the mortar to actually acquire all the 
benefits it should have to be compared, another recommendation is trying to play with consistency to see 
how the actual water behaves in front of the mortar. When mixing the mortar by hand we actually were 
having the filling that workability in some of the mortars was achieve before the desired consistency, 
making us to add more water to the mixture and making the actual mixture a bit saggier and maybe 
compromising the mechanical benefits of it.  
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Important Dates 
05.09.2015 – Begun the Bibliography to perform the project 
09.10.2015 – Granulomere Test  
 
Granulomere Test 
Normalized Average for the Weight of the Sieves 
Sieves in 
"mm" 
Weight 
(gr) 
4 546.21 
2 508.72 
1 480.03 
0.5 448.43 
0.25 420.02 
0.125 407.15 
0.063 415.59 
Base 354.46 
 
Dates they were filled in: 
 
 
 
 
 
 
 
Samples Birth Day 
Carbonation 
Chamber 
Entrance Day 
Breaking Day  
GC 01 05.11.2015 26.11.2015 03.12.2015 
TE 08 05.11.2015 26.11.2015 03.12.2015 
GC 04 05.11.2015 26.11.2015 03.12.2015 
TE 02 12.11.2015 03.12.2015 10.12.2015 
GC 06 12.11.2015 03.12.2015 10.12.2015 
TE 06  12.11.2015 03.12.2015 10.12.2015 
PILOT 18.11.2015 09.12.2015 16.12.2015 
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Sample Weights by Days 
 
Day 1 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 339.20 340.50 303.10 339.00 375.90 291.50 482.30 gr. 
B 324.70 335.60 287.80 342.50 374.00 311.70 472.40 gr. 
C 307.40 341.40 295.40 319.60 364.80 302.40 470.00 gr. 
D 315.70 329.60 322.40 320.20 360.40 321.00 471.80 gr. 
E 337.10 334.30 309.60 340.00 363.10 322.40 469.20 gr. 
F 310.70 339.30 309.00 315.20 331.70 302.06 467.80 gr. 
G N/A N/A N/A N/A N/A N/A 484.80 gr. 
H N/A N/A N/A N/A N/A N/A 489.30 gr. 
I N/A N/A N/A N/A N/A N/A 480.30 gr. 
 
Day 2 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 330.61 325.77 278.25 327.04 364.25 284.44 443.8 gr. 
B 313.53 321.48 272.77 326.96 360.17 297.93 443.4 gr. 
C 303.85 323.41 278.74 307.82 349.03 293.8 434.3 gr. 
D 312.48 313.29 306.55 306.98 348.72 307.76 434.8 gr. 
E 325.11 317.19 294.01 323.45 348.23 312.17 430.9 gr. 
F 305 323.67 291.86 305.82 323.48 293.42 432.4 gr. 
G 407.55 382.63 357.36 396.13 438.99 N/A 483 gr. 
H 402.46 374.48 360.12 387.43 439.7 N/A 487.6 gr. 
I 425.27 381.65 372.27 395.43 437.04 N/A 478.8 gr. 
 
Day 3 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 328.49 318.46 266.99 321.32 355.78 285.31 434.10 gr. 
B 310.93 320.62 264.09 318.07 352.92 294.80 432.40 gr. 
C 302.45 317.91 268.91 302.80 340.42 291.91 423.90 gr. 
D 311.28 309.57 292.94 299.80 342.55 299.23 422.60 gr. 
E 319.52 313.20 280.23 315.32 337.27 302.71 419.70 gr. 
F 302.01 317.77 278.62 301.00 320.16 288.45 419.90 gr. 
G 412.16 382.10 356.63 395.41 438.25 N/A 483.00 gr. 
H 407.26 374.10 359.71 386.80 439.20 N/A 487.30 gr. 
I 413.54 381.17 371.56 394.93 436.06 N/A 478.40 gr. 
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Day 4 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 323.70 309.90 257.40 311.50 345.17 281.80 443.00 gr. 
B 306.90 314.10 256.50 310.00 340.20 289.40 438.40 gr. 
C 299.80 309.00 258.80 296.90 329.40 286.20 431.00 gr. 
D 308.30 302.40 280.80 293.60 334.50 291.10 437.80 gr. 
E 313.50 305.80 267.00 305.20 329.20 295.40 34.30 gr. 
F 298.60 309.60 266.70 295.60 317.00 283.90 433.40 gr. 
G 410.80 380.60 355.20 393.80 436.60 N/A 481.40 gr. 
H 405.90 372.70 358.20 385.60 437.60 N/A 485.40 gr. 
I 412.20 379.70 370.00 393.60 434.30 N/A 472.10 gr. 
 
Day 5 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 315.80 293.90 243.90 291.00 316.00 277.80 444.40 gr. 
B 298.90 299.90 240.30 290.00 315.20 278.90 442.30 gr. 
C 295.10 293.40 241.10 283.70 316.20 275.70 432.00 gr. 
D 301.50 288.30 262.90 279.40 320.90 277.40 429.60 gr. 
E 302.30 288.30 245.80 286.90 315.00 282.00 437.80 gr. 
F 293.70 291.40 246.20 285.60 313.40 275.70 442.10 gr. 
G 410.60 380.00 354.10 393.10 435.90 N/A 481.10 gr. 
H 405.80 372.20 357.50 385.40 437.40 N/A 485.10 gr. 
I 411.80 378.70 369.10 393.30 433.70 N/A 471.70 gr. 
 
Day 6 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 313.00 289.70 238.80 285.10 311.20 275.40 438.70 gr. 
B 296.90 295.30 237.70 284.90 310.70 276.20 435.90 gr. 
C 294.90 288.80 236.90 280.10 314.60 272.10 427.30 gr. 
D 299.80 281.70 257.00 276.20 320.00 273.20 423.30 gr. 
E 299.50 281.90 240.80 283.10 313.90 278.70 430.70 gr. 
F 292.00 285.10 241.70 282.60 313.00 274.30 433.40 gr. 
G 410.04 379.60 353.40 393.10 435.70 N/A 480.40 gr. 
H 405.20 371.50 357.30 385.10 437.20 N/A 484.40 gr. 
I 411.20 378.00 368.60 393.10 433.10 N/A 471.00 gr. 
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Day 7 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 318.40 304.80 249.40 290.18 316.60 293.80 425.60 gr. 
B 308.10 314.30 256.90 289.60 324.00 294.30 415.80 gr. 
C 302.10 305.80 258.30 284.40 330.90 289.10 416.30 gr. 
D 309.40 297.20 275.00 286.40 329.60 283.20 412.30 gr. 
E 309.10 301.10 258.80 295.00 331.00 290.80 415.30 gr. 
F 297.70 296.50 252.40 295.50 327.50 282.00 419.70 gr. 
G 410.60 379.40 353.10 393.10 435.40 N/A 475.50 gr. 
H 405.70 371.40 357.20 385.30 437.00 N/A 483.30 gr. 
I 412.00 377.70 368.40 393.20 432.60 N/A 469.30 gr. 
 
Day 8 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 318.10 312.10 254.60 289.60 316.00 298.50 425.70 gr. 
B 308.90 318.80 264.30 288.40 323.20 296.50 415.45 gr. 
C 301.40 310.70 261.00 284.10 327.50 293.10 415.90 gr. 
D 308.50 304.00 272.50 286.40 332.40 291.90 411.60 gr. 
E 308.30 303.60 258.80 295.90 333.40 300.00 416.02 gr. 
F 297.30 296.80 250.60 298.00 330.00 291.60 419.20 gr. 
G 410.50 378.40 352.60 393.00 434.80 381.30 476.40 gr. 
H 405.40 370.90 356.80 385.00 436.80 381.50 484.20 gr. 
I 411.50 377.20 367.80 392.70 432.30 387.20 470.08 gr. 
 
Day 9 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 322.40 313.60 251.20 292.60 313.10 291.50 422.10 gr. 
B 309.30 313.90 260.60 291.50 317.90 294.80 411.60 gr. 
C 300.80 303.60 253.60 284.40 321.90 290.10 412.60 gr. 
D 333.00 301.70 266.20 284.40 347.80 286.70 407.70 gr. 
E 327.70 301.00 252.30 290.60 347.50 292.70 411.80 gr. 
F 319.10 295.80 246.00 292.60 347.80 286.60 415.10 gr. 
G 410.10 377.60 352.10 392.40 434.60 380.40 474.40 gr. 
H 405.20 370.30 356.20 384.70 436.60 380.90 482.20 gr. 
I 411.20 376.40 367.10 392.50 430.60 386.10 468.00 gr. 
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Day 10 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 313.70 291.00 238.10 280.70 309.00 278.20 420.20 gr. 
B 298.70 298.30 242.50 281.50 308.00 279.60 409.60 gr. 
C 294.70 290.50 237.40 278.60 315.40 275.70 410.50 gr. 
D 330.20 284.50 253.00 274.60 345.90 274.90 405.60 gr. 
E 326.90 284.90 238.20 280.30 345.00 279.70 409.10 gr. 
F 318.10 282.10 236.90 284.10 346.30 275.30 412.80 gr. 
G 409.70 375.00 350.60 391.30 433.50 380.00 473.30 gr. 
H 405.00 368.50 355.60 384.20 436.10 380.30 481.50 gr. 
I 411.10 373.00 365.50 391.60 429.80 385.60 467.20 gr. 
 
Day 11 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 316.25 292.72 237.37 282.48 310.65 279.76 417.20 gr. 
B 299.63 297.25 240.96 281.90 309.28 279.46 406.20 gr. 
C 296.07 290.40 236.80 279.87 317.32 276.44 408.00 gr. 
D 330.91 287.28 252.32 292.59 346.52 275.75 402.90 gr. 
E 327.86 280.65 237.31 298.16 345.41 279.94 405.50 gr. 
F 319.32 284.14 236.41 295.60 .46.68 275.55 409.20 gr. 
G 411.37 375.19 351.28 392.41 434.51 380.91 436.30 gr. 
H 406.28 368.29 356.40 385.18 437.56 381.35 469.80 gr. 
I 412.43 371.98 366.09 392.45 430.71 386.39 460.20 gr. 
 
Day 12 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 313.50 287.90 234.00 278.70 309.50 275.90 416.60 gr. 
B 297.50 292.40 237.30 278.90 308.00 276.30 405.30 gr. 
C 294.70 286.60 233.60 277.80 315.80 273.50 407.30 gr. 
D 329.10 282.40 258.80 291.90 344.50 288.70 425.70 gr. 
E 326.20 283.80 242.90 297.40 343.50 292.50 427.30 gr. 
F 317.80 280.70 242.80 294.90 345.00 288.20 431.70 gr. 
G 409.90 373.30 349.40 390.40 432.60 379.40 436.70 gr. 
H 405.00 366.60 355.00 383.10 435.90 379.80 468.90 gr. 
I 411.10 370.00 364.50 390.60 428.90 384.80 459.70 gr. 
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Day 13 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 303.20 284.80 232.00 277.80 307.10 274.40 415.90 gr. 
B 289.10 289.60 234.00 278.00 305.20 273.90 404.80 gr. 
C 288.30 283.40 231.10 277.90 313.30 271.60 406.80 gr. 
D 309.00 278.70 256.90 290.00 329.60 287.60 456.80 gr. 
E 308.00 280.60 240.40 295.60 327.10 291.70 455.70 gr. 
F 303.70 278.70 240.60 293.30 334.80 287.50 460.10 gr. 
G 306.40 372.70 349.00 390.40 338.50 379.10 467.80 gr. 
H 304.20 366.70 354.60 383.40 345.50 379.80 436.50 gr. 
I 315.00 369.60 364.10 390.40 331.00 384.50 458.33 gr. 
 
Day 14 
Sample TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 PILOT UNIT 
A 299.60 279.00 230.80 277.30 305.60 274.30 406.40 gr. 
B 285.50 280.80 229.90 277.60 303.40 272.40 393.40 gr. 
C 284.40 278.30 229.30 279.10 311.50 271.20 396.80 gr. 
D 305.50 291.60 256.90 290.80 328.10 289.30 440.70 gr. 
E 304.50 293.80 238.80 296.20 324.50 292.90 438.80 gr. 
F 298.60 291.30 241.10 294.40 333.60 289.30 443.60 gr. 
G 264.20 369.80 347.30 389.80 308.10 377.90 387.90 gr. 
H 260.30 364.50 353.40 382.40 308.00 379.30 383.80 gr. 
I 288.80 368.00 362.20 388.40 304.50 384.10 381.00 gr. 
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MOE (Details of the Numbers for Each Mortar)  
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  g mm mm mm Hz   
a 35.8 30 40.43 40.21 159.85 6692 500 
b 88.2   40.35 40.16 159.92 6687   
c 35.8   39.98 39.92 159.85 6694   
d 79.9   40.06 39.78 159.81 6693   
TE 08 (A) 
        6658   
        6665   
        15.83351   
30 40.21 40.02 159.86 6682   
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  g mm mm mm Hz   
a 35.5 285.5 40.4 39.71 158 4944 2612 
b 87.4   40.87 40.27 158.49 4939   
c 35.5   39.35 39.31 158.57 4940   
d 79.1   39.25 39.53 158.1 4951   
TE 08 (B) 
        4937   
        4938   
        5.244044   
285.5 39.97 39.71 158.29 4942   
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  g mm mm mm Hz   
a 35.5 284.4 40.47 40.03 158.21 2221 523 
b 87.5   40.41 39.74 159.23 2227   
c 35.5   39.26 39.82 158.1 2230   
d 79.2   40.19 39.92 158.33 2219   
TE 08 (C) 
        2223   
        2217   
        4.91596   
284.4 40.08 39.88 158.47 2223   
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  g mm mm mm Hz   
a 35.6 305.5 41.55 39.94 159.8 3416 1310 
b 87.7   41.26 39.67 159.29 3414   
c 35.6   40.19 39.61 158.02 3410   
d 79.4   40.11 39.62 158.13 3407   
TE 08 (D) 
        3405   
        3419   
        5.419102   
305.5 40.78 39.71 158.81 3412   
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  g mm mm mm Hz   
a 35.4 304.5 40.57 39.8 158.18 3530 1395 
b 87.2   40.96 39.69 158.69 3527   
c 35.4   40.09 39.63 157.46 3529   
d 79.0   40.58 39.52 157.82 3516   
TE 08 (E) 
        3521   
        3518   
        5.958188   
304.5 40.55 39.66 158.04 3524   
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  g mm mm mm Hz   
a 35.2 333.6 41.22 39.58 157.4 3393 1332 
b 86.8   40.84 40.23 157.12 3286   
c 35.2   40.22 39.73 156.8 3291   
d 78.6   39.94 39.96 157.84 3297   
TE 08 (F) 
        3288   
        3284   
        0   
333.6 40.56 39.88 157.29 3307   
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  g mm mm mm Hz   
a 35.8 457.25 40.18 40.55 159.99 1626 455 
b 88.3   40.38 40.4 159.96 1620   
c 35.8   39.75 39.88 159.95 1604   
d 80.0   39.31 39.84 159.94 1662   
TE 08 (G) 
        1634   
        1629   
        19.12503   
457.25 39.91 40.17 159.96 1629   
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  g mm mm mm Hz   
a 35.5 284.4 40.47 40.03 158.21 2221 523 
b 87.5   40.41 39.74 159.23 2227   
c 35.5   39.26 39.82 158.1 2230   
d 79.2   40.19 39.92 158.33 2219   
TE 08 (H) 
        2223   
        2217   
        4.91596   
284.4 40.08 39.88 158.47 2223   
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  g mm mm mm Hz   
a 35.8 288.9 40.56 39.98 159.16 1957 396 
b 88.3   41.95 39.91 159.14 1972   
c 35.8   42.38 39.79 160.41 1933   
d 80.0   41.28 39.84 160.99 1920   
TE 08 (I) 
        1922   
        1963   
        22.33159   
288.9 41.54 39.88 159.93 1945   
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  g mm mm mm Hz   
a 35.4 253.6 40.72 39.63 158.34 2016 365 
b 87.3   41.22 39.75 158.08 2051   
c 35.4   40.77 39.95 158.16 1942   
d 79.1   40.43 39.74 157.93 1947   
TE 06 (A) 
        1953   
        1985   
        43.79802   
253.6 40.79 39.77 158.13 1982   
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  g mm mm mm Hz   
a 35.5 255.4 41.43 39.9 158.55 2015 415 
b 87.4   40.99 39.79 158.27 2011   
c 35.5   40.08 39.68 158.31 1997   
d 79.2   40.92 39.64 158.31 2228   
TE 06 (C) 
        2197   
        2187   
        108.5475   
255.4 40.86 39.75 158.36 2106   
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  g mm mm mm Hz   
a 35.5 253.6 40.61 39.83 158.55 2168 419 
b 87.4   40.38 39.71 158.27 2103   
c 35.5   40.79 39.82 158.31 2107   
d 79.2   40.3 39.66 158.31 2093   
TE 06 (B) 
        2094   
        2124   
        28.36488   
253.6 40.52 39.76 158.36 2115   
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  g mm mm mm Hz   
a 35.5 267.7 40.56 39.83 158.81 1834 345 
b 87.6   40.72 39.91 158.87 1837   
c 35.5   40.83 39.93 158.31 1907   
d 79.3   39.93 40.21 158.79 1901   
TE 06 (F) 
        1877   
        1864   
        30.98387   
267.7 40.51 39.97 158.70 1870   
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  g mm mm mm Hz   
a 35.5 264.2 40.25 39.8 158.29 2570 644 
b 87.4   39.88 39.79 158.45 2566   
c 35.5   40.7 39.71 158.44 2563   
d 79.2   41.21 39.74 158.44 2575   
TE 06 (D) 
        2571   
        2568   
        4.167333   
264.2 40.51 39.76 158.41 2569   
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  g mm mm mm Hz   
a 35.5 267.3 40.73 39.85 158.75 2504 618 
b 87.5   40.44 39.84 158.49 2552   
c 35.5   41.88 39.88 158.5 2547   
d 79.3   41.08 39.84 158.5 2509   
TE 06 (E) 
        2510   
        2498   
        23.29807   
267.3 41.03 39.85 158.56 2520   
UNIVERSIDAD POLITECNICA DE CATALUNYA (UPC) 
ESCUELA POLITECNICA SUPERIOR DE EDIFICACION DE BARCELONA (EPSEB)  
 
“CHARACTERIZATION OF AERIAL LIME BASE MORTARS WITH VOLCANIC AGGREGATES” 
ARQ. JOSE MANUEL MARIÑEZ VELOZ  
Page | 77 
 
 
 
 
 
 
SE
P
A
R
A
C
IÓ
 
SU
P
O
R
TS
 
P
es
o
 (
g)
 
al
tu
ra
 
an
ch
u
ra
 
b
as
e 
Lo
n
gi
tu
d
 
fr
eq
. 
lo
n
gi
tu
d
in
a
l 
M
O
E 
M
P
a 
lo
n
gi
tu
d
in
al
 
  g mm mm mm Hz   
a 35.6 239.1 41.07 39.83 158.43 1705 252 
b 87.8   41.7 39.94 158.69 1704   
c 35.6   41.64 40.05 159.13 1712   
d 79.5   41.29 39.9 159.77 1715   
TE 06 (I) 
        1699   
        1708   
        5.776389   
239.1 41.43 39.93 159.01 1707   
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  g mm mm mm Hz   
a 35.5 214.6 40.47 40.18 158.38 1156 100 
b 87.4   39.92 39.78 158.4 1102   
c 35.5   40.13 39.82 158.25 1103   
d 79.2   40.05 39.83 158.38 1107   
TE 06 (G) 
        1115   
        1145   
        23.31237   
214.6 40.14 39.90 158.35 1121   
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  g mm mm mm Hz   
a 35.4 239.8 40.13 39.88 158.11 1156 112 
b 87.3   39.98 39.8 158.32 1102   
c 35.4   40.61 39.81 158.21 1103   
d 79.1   40.14 39.87 158.29 1107   
TE 06 (H) 
        1115   
        1145   
        23.31237   
239.8 40.22 39.84 158.23 1121   
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  g mm mm mm Hz   
a 35.5 217.3 40.38 39.71 157.97 1875 283 
b 87.5   39.77 39.82 158.94 1991   
c 35.5   39.81 40.22 158.62 1873   
d 79.3   39.72 40 158.49 1884   
TE 02 (A) 
        1834   
        1751   
        77.85114   
217.3 39.92 39.94 158.51 1868   
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  g mm mm mm Hz   
a 35.4 253.6 40.23 39.76 157.99 1930 343 
b 87.3   39.79 39.87 158.1 1872   
c 35.4   39.47 39.78 158.21 1933   
d 79.1   39.43 39.68 158.24 1850   
TE 02 (B) 
        1923   
        1879   
        35.25573   
253.6 39.73 39.77 158.14 1898   
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  g mm mm mm Hz   
a 35.4 253.6 40.06 39.75 158.19 1913 323 
b 87.3   39.84 39.68 158.36 1722   
c 35.4   39.29 39.75 158.12 1718   
d 79.1   39.89 39.54 158.3 1842   
TE 02 (C) 
        1951   
        1888   
        98.75222   
253.6 39.77 39.68 158.24 1839   
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  g mm mm mm Hz   
a 35.3 235.5 38.9 39.77 157.91 1769 272 
b 87.1   39.52 39.53 157.77 1753   
c 35.3   40.66 39.59 157.67 1742   
d 78.9   40.34 39.72 157.49 1756   
TE 02 (D) 
        1755   
        1758   
        8.689074   
235.5 39.86 39.65 157.71 1756   
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  g mm mm mm Hz   
a 35.4 267.3 39.98 39.64 158.15 1904 358 
b 87.3   40.29 39.56 158.17 1908   
c 35.4   39.76 39.69 158.12 1873   
d 79.1   40.17 39.66 158.19 1875   
TE 02 (E) 
        1888   
        1901   
        15.13605   
267.3 40.05 39.64 158.16 1892   
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  g mm mm mm Hz   
a 35.5 222.2 40.45 39.82 158.22 1804 255 
b 87.5   40.07 39.8 158.88 1777   
c 35.5   40.34 39.62 158.41 1774   
d 79.2   40.07 39.81 158.33 1734   
TE 02 (F) 
        1728   
        1724   
        32.73174   
222.2 40.23 39.76 158.46 1757   
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  g mm mm mm Hz   
a 35.5 205.5 40.51 39.56 158.81 1620 196 
b 87.5   40.51 39.66 158.75 1588   
c 35.5   40.07 39.86 158.21 1580   
d 79.3   40.28 39.52 158.3 1621   
TE 02 (G) 
        1623   
        1577   
        22.04314   
205.5 40.34 39.65 158.52 1602   
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  g mm mm mm Hz   
a 35.4 207 40.4 39.88 157.45 1700 219 
b 87.2   39.98 39.79 158.08 1692   
c 35.4   40.37 39.77 158.18 1691   
d 79.0   40.44 39.69 158.38 1654   
TE 02 (H) 
        1701   
        1697   
        17.70217   
207 40.30 39.78 158.02 1689   
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  g mm mm mm Hz   
a 35.5 214.6 40.47 40.18 158.38 1156 100 
b 87.4   39.92 39.78 158.4 1102   
c 35.5   40.13 39.82 158.25 1103   
d 79.2   40.05 39.83 158.38 1107   
TE 02 (I) 
        1115   
        1145   
        23.31237   
214.6 40.14 39.90 158.35 1121   
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  g mm mm mm Hz   
a 35.4 305.6 39.95 40.21 157.85 2650 772 
b 87.2   40.26 40.26 157.82 2630   
c 35.4   42.41 40.48 158.11 2632   
d 79.0   40.06 40.06 158.01 2627   
GC 04 (A) 
        2651   
        2654   
        12.22566   
305.6 40.67 40.25 157.95 2641   
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  g mm mm mm Hz   
a 35.4 303.4 41.69 40.41 158.1 2660 769 
b 87.3   40.43 39.55 158.15 2642   
c 35.4   40.66 40.48 157.89 2657   
d 79.1   41.63 39.63 158.46 2656   
GC 04 (B) 
        2633   
        2642   
        10.81974   
303.4 41.10 40.02 158.15 2648   
        
SE
P
A
R
A
C
IÓ
 
SU
P
O
R
TS
 
P
es
o
 (
g)
 
al
tu
ra
 
an
ch
u
ra
 
b
as
e 
Lo
n
gi
tu
d
 
fr
eq
. 
lo
n
gi
tu
d
in
a
l 
M
O
E 
M
P
a 
lo
n
gi
tu
d
in
al
 
  g mm mm mm Hz   
a 35.3 311.5 42.95 39.78 157.9 2772 845 
b 87.0   40.91 39.73 157.15 2772   
c 35.3   43.5 39.87 157.36 2709   
d 78.8   41.02 39.72 157.75 2779   
GC 04 (C) 
        2799   
        2795   
        32.46537   
311.5 42.10 39.78 157.54 2771   
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  g mm mm mm Hz   
a 35.6 328.1 40.25 39.75 158.71 4273 2152 
b 87.6   41.96 40.11 158.39 4277   
c 35.6   40.91 39.79 158.88 4270   
d 79.4   41.43 41.07 158.97 4268   
GC 04 (D) 
        4234   
        4261   
        15.56171   
328.1 41.14 40.18 158.74 4264   
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  g mm mm mm Hz   
a 35.4 324.5 41.02 40.11 158.15 4501 2401 
b 87.3   41.58 40.11 158.03 4509   
c 35.4   40.36 39.79 157.91 4503   
d 79.1   40.31 39.68 158.88 4505   
GC 04 (E) 
        4501   
        4507   
        3.265986   
324.5 40.82 39.92 158.24 4504   
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  g mm mm mm Hz   
a 35.3 333.6 41.59 39.68 157.41 4381 2308 
b 87.1   41.15 39.75 158 4387 . 
c 35.3   41.29 39.77 157.7 4380   
d 78.9   41.6 39.74 157.95 4377   
GC 04 (F) 
        4385   
        4384   
        3.669696   
333.6 41.41 39.74 157.77 4382   
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  g mm mm mm Hz   
a 35.5 308.9 40.94 39.79 158.31 2252 573 
b 87.4   41.4 39.74 158.24 2256   
c 35.5   40.5 39.81 158.36 2239   
d 79.2   40.33 39.73 158.47 2251   
GC 04 (G) 
        2247   
        2251   
        5.819507   
308.9 40.79 39.77 158.35 2249   
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  g mm mm mm Hz   
a 35.8 288.9 40.56 39.98 159.16 1957 396 
b 88.3   41.95 39.91 159.14 1972   
c 35.8   42.38 39.79 160.41 1933   
d 80.0   41.28 39.84 160.99 1920   
GC 04 (H) 
        1922   
        1963   
        22.33159   
288.9 41.54 39.88 159.93 1945   
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  g mm mm mm Hz   
a 35.4 305 40.81 40.13 157.92 2288 578 
b 87.3   40.36 40.15 158.08 2280   
c 35.4   41.31 40.06 158.37 2272   
d 79.1   41.25 37.17 158.47 2277   
GC 04 (I) 
        2231   
        2251   
        21.3799   
305 40.93 39.38 158.21 2267   
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  g mm mm mm Hz   
a 35.4 262 40.41 39.66 157.71 2222 457 
b 87.2   40.07 39.79 157.96 2236   
c 35.4   39.55 39.71 158.01 2214   
d 79.0   40.14 39.51 158.196 2244   
GC 01 (A) 
        2037   
        2018   
        104.7519   
262 40.04 39.67 157.97 2162   
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  g mm mm mm Hz   
a 35.4 262.7 40.13 39.6 157.99 2026 406 
b 87.3   40.26 39.97 158.11 2031   
c 35.4   40.64 39.98 158.5 2084   
d 79.1   40.46 39.79 158.12 2017   
GC 01 (B) 
        2066   
        2052   
        25.8689   
262.7 40.37 39.84 158.18 2046   
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  g mm mm mm Hz   
a 35.5 265.9 40.42 39.81 157.84 1812 319 
b 87.4   40.21 40.14 158.1 1800   
c 35.5   40.98 39.7 158.04 1792   
d 79.2   40.72 39.88 159.4 1805   
        1803   
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GC 01 (C) 
        1834   
        14.45914   
265.9 40.58 39.88 158.35 1808   
        
SE
P
A
R
A
C
IÓ
 
SU
P
O
R
TS
 
P
es
o
 (
g)
 
al
tu
ra
 
an
ch
u
ra
 
b
as
e 
Lo
n
gi
tu
d
 
fr
eq
. 
lo
n
gi
tu
d
in
a
l 
M
O
E 
M
P
a 
lo
n
gi
tu
d
in
al
 
  g mm mm mm Hz   
a 35.5 274.9 39.87 39.7 158.58 2568 661 
b 87.6   40.06 39.67 158.55 2561   
c 35.5   41.6 39.71 158.57 2563   
d 79.3   41.27 39.73 158.76 2543   
GC 01 (D) 
        2549   
        2533   
        13.45239   
274.9 40.70 39.70 158.62 2553   
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  g mm mm mm Hz   
a 35.6 279.5 40.46 39.65 158.76 2020 423 
b 87.6   40.65 39.72 158.9 2018   
c 35.6   41.65 39.66 158.67 2009   
d 79.4   41.41 39.81 158.6 2010   
GC 01 (E) 
        2068   
        2080   
        31.38418   
279.5 41.04 39.71 158.73 2034   
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  g mm mm mm Hz   
a 35.4 278.8 40.81 39.9 158.21 2220 534 
b 87.3   40.87 39.77 158.02 2307   
c 35.4   39.44 39.66 158.08 2308   
d 79.1   39.55 39.67 158.27 2245   
        2238   
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GC 01 (F) 
        2291   
        38.42612   
278.8 40.17 39.75 158.15 2268   
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  g mm mm mm Hz   
a 35.5 253.9 41.44 39.73 158.32 2104 409 
b 87.5   41.83 39.73 158.81 2100   
c 35.5   40.23 40.02 158.19 2118   
d 79.3   40.1 40.08 158.73 2094   
GC 01 (G) 
        2088   
        2107   
        10.47696   
253.9 40.90 39.89 158.51 2102   
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  g mm mm mm Hz   
a 35.6 247.7 40.84 39.93 158.84 2327 488 
b 87.7   39.89 39.98 159.19 2311   
c 35.6   40.35 40.04 159.3 2310   
d 79.5   40.76 40.12 158.4 2298   
GC 01 (H) 
        2298   
        2329   
        13.49691   
247.7 40.46 40.02 158.93 2312   
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  g mm mm mm Hz   
a 35.8 252.6 41.49 40.1 159.54 2104 389 
b 88.1   40.93 39.82 159.78 2045   
c 35.8   41.17 39.93 159.83 2034   
d 79.8   41.28 39.95 159.29 2037   
        2022   
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GC 01 (I) 
        2099   
        35.41422   
252.6 41.22 39.95 159.61 2057   
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  g mm mm mm Hz   
a 35.3 247.7 40.81 39.53 157.8 817 58 
b 87.1   39.41 39.55 157.93 818   
c 35.3   41.69 39.6 157.65 856   
d 78.9   40.79 39.54 157.77 737   
GC 06 (A) 
        764   
        791   
        42.53665   
247.7 40.68 39.56 157.79 797   
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  g mm mm mm Hz   
a 35.4 244.6 40.08 39.45 157.18 939 71 
b 87.2   41.08 39.46 157.67 949   
c 35.4   40.41 39.65 158.03 866   
d 79.0   40.25 39.66 158.96 832   
GC 06 (B) 
        874   
        841   
        49.44795   
244.6 40.46 39.56 157.96 884   
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  g mm mm mm Hz   
a 35.3 244.3 40.17 39.55 157.08 884 67 
b 86.9   39.65 39.49 157.29 897   
c 35.3   40.21 39.5 157.86 866   
d 78.8   40.01 39.46 157.77 824   
        835   
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GC 06 (C) 
        841   
        29.10269   
244.3 40.01 39.50 157.50 858   
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  g mm mm mm Hz   
a 35.4 257.6 39.91 39.62 157.45 1040 114 
b 87.2   40.19 39.63 157.54 1048   
c 35.4   40.01 39.58 158.82 1099   
d 79.0   39.63 39.53 157.88 1139   
GC 06 (D) 
        1084   
        1099   
        36.61375   
257.6 39.94 39.59 157.92 1085   
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  g mm mm mm Hz   
a 35.4 259 40.43 39.35 157.66 996 84 
b 87.1   40.49 39.59 157.86 953   
c 35.4   40.03 39.65 157.84 814   
d 78.9   39.48 39.79 157.95 938   
GC 06 (E) 
        948   
        928   
        61.20703   
259 40.11 39.60 157.83 930   
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  g mm mm mm Hz   
a 35.3 258.7 40.89 39.49 157.82 1124 114 
b 87.1   40.43 39.78 157.68 1113   
c 35.3   39.64 39.82 158.01 1087   
d 78.9   39.67 39.59 157.51 1084   
        1083   
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GC 06 (F) 
        1046   
        27.25252   
258.7 40.16 39.67 157.76 1090   
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  g mm mm mm Hz   
a 35.6 239.1 41.07 39.83 158.43 1705 252 
b 87.8   41.7 39.94 158.69 1704   
c 35.6   41.64 40.05 159.13 1712   
d 79.5   41.29 39.9 159.77 1715   
PILOTO (A) 
        1699   
        1708   
        5.776389   
239.1 41.43 39.93 159.01 1707   
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  g mm mm mm Hz   
a 35.6 393.4 40.66 39.92 159.07 3822 2084 
b 87.8   40.79 39.98 159.17 3811   
c 35.6   41.29 39.98 159.08 3827   
d 79.6   41.4 40.02 159.11 3801   
PILOTO (B) 
        3805   
        3812   
        9.899495   
393.4 41.04 39.98 159.11 3813   
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  g mm mm mm Hz   
a 35.6 396.8 40.63 40.55 159.11 3400 1669 
b 87.8   41.12 40.06 159.05 3443   
c 35.6   40.66 41.13 159.17 3465   
d 79.6   41.1 41.38 159.1 3452   
PILOTO (C) 
        3389   
        3401   
        32.09361   
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396.8 40.88 40.78 159.11 3425   
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  g mm mm mm Hz   
a 35.6 440.7 40.63 39.79 158.52 7564 9274 
b 87.6   40.87 39.79 158.93 7564   
c 35.6   40.59 40.01 158.79 7566   
d 79.4   40.66 39.83 158.73 7564   
PILOTO (D) 
        7566   
        7566   
        1.095445   
440.7 40.69 39.86 158.74 7565   
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  g mm mm mm Hz   
a 35.5 438.8 40.47 39.9 158.61 7537 9262 
b 87.5   40.63 40 158.43 7553   
c 35.5   40.07 39.81 158.41 7538   
d 79.3   39.96 39.68 158.71 7537   
PILOTO (E) 
        7559   
        7533   
        10.51507   
438.8 40.28 39.85 158.54 7543   
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  g mm mm mm Hz   
a 35.5 443.6 40.65 39.99 158.54 7604 9503 
b 87.6   40.61 40.18 158.74 7617   
c 35.5   40.12 39.84 158.67 7610   
d 79.3   39.9 39.77 158.77 7607   
PILOTO (F) 
        7607   
        7604   
        4.875107   
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443.6 40.32 39.95 158.68 7608   
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  g mm mm mm Hz   
a 35.7 387.9 42.36 40.07 159.07 4492 2834 
b 88.1   42.16 40.04 159.86 4513   
c 35.7   40.65 40.45 159.68 4499   
d 79.8   40.26 40.17 159.77 4490   
PILOTO (G) 
        4500   
        4507   
        8.750238   
387.9 41.36 40.18 159.60 4500   
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  g mm mm mm Hz   
a 35.7 383.8 40.17 39.98 159.39 4762 3205 
b 88.1   40.54 40.04 159.37 4790   
c 35.7   41.49 39.99 159.69 4745   
d 79.8   41.23 40.08 159.67 4768   
PILOTO (H) 
        4788   
        4790   
        18.5948   
383.8 40.86 40.02 159.53 4774   
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  g mm mm mm Hz   
a 35.8 381 41.29 40.15 159.54 4676 3061 
b 88.2   40.25 40.39 159.72 4677   
c 35.8   41.06 39.98 159.68 4678   
d 79.9   40.24 40.07 160.32 4677   
PILOTO (I) 
        4677   
        4676   
        0.752773   
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381 40.71 40.15 159.82 4677   
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FLEXURAL STRENGTH CHART WITH MCHINE VALUES 
 
 
 
 
Standard Deviation 
 TE 08  TE 06  TE 02 GC 01  GC 04  GC 06  Blanca 
0.08 0.02 0.04 0.05 0.04 0.06 0.23 
0.14 0.13 0.01 0.10 0.12 0.04 0.45 
0.03 0.05 0.03 0.04 0.04 0.03 0.02 
 
 
Test to Flexural 
Strength (Kg)      
Muestra 
TE 
08 
TE 
06  
TE 
02 GC 01 
GC 
04 
GC 
06 BLANCA 
A 20 10 3 15 13 8 40 
B 14 12 5 12 14 3 42 
C 14 11 6 16 16 7 58 
D 17 17 7 15 29 7 156 
E 28 20 8 21 39 6 181 
F 18 9 8 13 32 4 195 
G 6 12 10 14 6 9 49 
H 6 8 10 13 9 7 48 
I 4 9 8 11 7 9 47 
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COMPRESSION STRENGTH CHART WITH MCHINE VALUES 
 
 
 
 
 
 
 
 
 
Standard Deviation 
 TE 08  TE 06  TE 02 GC 01  GC 04  GC 06  Blanca 
0.02 0.04 0.04 0.23 0.04 0.01 0.38 
0.31 0.40 0.42 0.35 0.37 0.06 1.36 
0.16 0.04 0.07 0.46 0.09 0.01 0.58 
 
 
 
 
 
 
 
 
 
Test to Compressive 
Strength     
Muestra 
TE 
08 
TE 
06  
TE 
02 GC 01 
GC 
04 
GC 
06 BLANCA 
A 191 273 165 331 62 51 431 
B 191 284 174 300 63 49 532 
C 198 273 179 257 73 49 420 
D 553 445 143 449 345 112 4132 
E 598 378 19 382 399 121 4136 
F 496 314 130 337 466 130 3750 
G 79 276 290 461 45 45 658 
H 62 263 295 324 47 45 847 
I 112 267 313 341 21 43 769 
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MOE TEST (MOEUS) BEFORE CONVERTING VALUES 
 
MoE Test done with the Ultrasound Equipment  
Muestra TE 08 TE 06  TE 02 GC 01 GC 04 GC 06 BLANCA 
A 328 817 0 619.4 1021 0 208 
B 696 851 0 609.1 968.7 0 144.1 
C 577 803 0 857.1 944.2 0 187 
D 148 738 0 720.9 118.2 0 69 
E 158 660 0 1007.1 119.1 0 69.1 
F 190 755 0 717.3 115.8 0 70 
G 461 1131 0 306.4 692.1 0 122 
H 525 1125 0 301.4 669.2 0 123.6 
I 510 1126 0 442.1 729.3 0 123 
 
 
 
 
 
 
Standard Deviation 
 TE 08  TE 06  TE 02 GC 01  GC 04  GC 06  Blanca 
27.0 2.1 0.0 18.8 2.0 0.0 616.0 
221.8 7.0 0.0 13.0 81.3 0.0 81.5 
59.2 1.0 0.0 75.7 957.3 0.0 25.3 
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MOE TEST (MOEIMP) BEFORE CONVERTING VALUES 
 
 
 
Standard Deviation 
 TE 08  TE 06  TE 02 GC 01  GC 04  GC 06  Blanca 
1212.8 30.1 30.6 69.8 43.0 6.7 960.6 
44.1 165.6 55.2 119.1 73.0 17.3 135.8 
63.6 84.5 63.1 52.3 103.7 29.7 187.0 
 
 
 
 
 
 
MoE Test done with the FFT Analyser  
Muestra 
TE 
08 
TE 
06  
TE 
02 GC 01 GC 04 GC 06 BLANCA 
A 6682 1982 1868 2162 2641 797 1707 
B 4942 2115 1898 2046 2998 884 3813 
C 2223 2106 1839 1808 2771 858 3425 
D 3412 2569 1756 2553 4264 1085 7565 
E 3524 2520 1892 2034 4504 930 7543 
F 3307 1870 1757 2268 4382 1090 7608 
G 4007 1121 1602 2102 3912 630 4500 
H 3994 1121 1689 2312 3999 697 4774 
I 4126 1707 1121 2057 3874 642 4677 
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RAW POROSITY 
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